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Abstract  
In order to be able to recognize and cope with critical situations of teaching and learning, 
teachers need diagnostic competences, which should already be fostered in teacher education 
at university. Diagnostic competences can be defined as teachers’ dispositions enabling them 
to apply their knowledge in diagnostic activities according to professional standards to collect 
and interpret data accurately in order to make appropriate decisions. In this definition, three 
components of diagnostic competences become apparent: the professional knowledge base, 
diagnostic activities, and diagnostic accuracy. The professional knowledge base consists of 
the facets pedagogical-psychological knowledge (PK), content knowledge (CK), and 
pedagogical content knowledge (PCK). Pre-service teachers have to be able to apply 
knowledge in diagnostic contexts that are real or close to everyday life by using diagnostic 
activities. Diagnostic activities describe those activities that teachers execute to generate and 
evaluate data in order to produce a diagnosis. Additionally, their diagnosis has to meet 
qualitative demands in terms of diagnostic accuracy, which describes the adequacy of a 
person’s diagnosis in terms of objective criteria. It has not yet been systematically 
investigated how the components of diagnostic competences are interrelated. Furthermore, 
there is a growing debate about how to foster knowledge development in higher education. 
The investigation of different instructional approaches of knowledge presentation (e.g., by a 
lecturer, via texts, via video-based tools) can be connected to this debate. With regard to the 
demand to investigate professional knowledge as well as diagnostic activities using real-life 
diagnostic contexts, video-based tools are considered promising. Video-based tools can 
provide an authentic representation of the subject-specific professional everyday life of 
teachers and their tasks. That makes it possible to measure and promote specific components 
of diagnostic competences in a situated way. For biology teacher education, there is a lack of 
tools in which subject-specific relevant situations from the biology classroom are the subject 
of diagnosis.  
To close this gap, the video-based assessment tool DiKoBi Assess was developed in 
the project COSIMA (Facilitating diagnostic competences in simulation-based learning 
environments in higher education), which focused on the facilitation of professional 
knowledge and diagnostic competences of biology teachers and was funded by the DFG 
(German Research Foundation, NE-1196/8-1). In DiKoBi Assess (German acronym for 
diagnostic competences of biology teachers in biology classrooms), biology-specific 
challenges of different classroom situations have to be diagnosed with regard to dimensions 
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of subject-specific instructional quality (i.e., level of students’ cognitive activities and 
creation of situational interest, dealing with (specific) student ideas and errors, use of 
technical language, use of experiments, use of models, and conceptual instruction).  
Overall, the present dissertation had three aims: (1) to validate the video-based tool 
DiKoBi Assess with respect to the integrated biology-specific challenges, the tasks used, and 
the construct of diagnostic activities (i.e., the activities generating evidence, evaluating 
evidence, and drawing conclusions) used for analysis. The validation process is completed by 
comparing the construct of diagnostic activities with the construct of professional vision 
(regarding the included aspects description, explanation, and prediction) established in video-
based teacher research. Further aims were (2) the investigation of the relationships between 
the three components that constitute diagnostic competences, and (3) the analysis of the 
effects of different types of instructional support on professional knowledge as one 
component of diagnostic competences.  
The three aims were addressed in the first funding phase of the COSIMA project. 
Following a preliminary study with five in-service biology teachers, in which the validity of 
the video-based tool was tested, two main studies with pre-service biology teachers took 
place. Data was collected in both Study 1 (N = 90 pre-service teachers) and Study 2 (N = 103 
pre-service teachers) in a pre-post design. In both studies, professional knowledge was 
assessed with paper-pencil tests, diagnostic activities and diagnostic accuracy were assessed 
with the video-based tool DiKoBi Assess. 
The validation of DiKoBi Assess showed that the embedded biology-specific 
classroom situations were perceived as authentic, that biology-specific challenges in the 
respective classroom situations were diagnosable by in-service biology teachers, and that the 
integrated tasks triggered specifically the three targeted diagnostic activities generating 
evidence, evaluating evidence, and drawing conclusions. Thus, with DiKoBi Assess, specific 
diagnostic activities can be triggered and measured. Moreover, as a result of comparing the 
constructs diagnostic activities and professional vision, it was possible to identify and 
describe categories relevant for diagnosing the biology-specific classroom situations 
presented in DiKoBi Assess. The identified categories could then be used for analysis in the 
subsequent main studies. The evaluation of the two main studies showed that especially PCK 
was important for the application of the diagnostic activities and for diagnostic accuracy. In 
addition, a relationship between PK and diagnostic activities was found. Both main studies 
also indicated an impact of the work with DiKoBi Assess on the development of PCK. 
Furthermore, the use of the video-based tool in combination with instructional support 
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provided by a lecturer can be considered effective. While for the development of CK, a non-
integrated instruction might be beneficial, PCK benefited slightly more from the integrated 
instruction of the knowledge facets. However, the results suggest that diagnosing instructional 
quality is more effective for knowledge development than instructional approaches such as 
text interventions, but that in terms of PCK development, for example, greater linking of 
knowledge facets may also be advisable when instructing curricular content.  
Overall, it can be concluded that DiKoBi Assess is a valid measurement instrument for 
studies on diagnostic competences of pre-service biology teachers. Furthermore, the results of 
this dissertation suggest that working with DiKoBi Assess and diagnosing instructional 
quality can promote subject-specific knowledge (PCK), which in turn is a critical component 
of biology teachers’ diagnostic competences and therefore requires explicit support. Existing 
instructional methods of teacher education, in which knowledge acquisition is promoted via 
texts or lectures, should therefore be enriched with practice-oriented examples. This can be 
done via video-based tools that could be conducive to the development and stronger 
interlocking of the more practice-oriented knowledge facets PCK and PK. In addition, such 
tools can also be beneficial to address the knowledge facets in an interrelated way and to 
enhance linking between the knowledge facets. However, explicit specialized seminars 
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Zusammenfassung  
Um entscheidende Lehr- und Lernsituationen erkennen und bewältigen zu können, benötigen 
Lehrkräfte Diagnosekompetenzen, die bereits im Rahmen der Lehrerausbildung an der 
Hochschule gefördert werden sollten. Diagnosekompetenzen können als Dispositionen von 
Lehrkräften definiert werden, die es ihnen ermöglichen, ihr Wissen in diagnostischen 
Aktivitäten gemäß professionellen Standards anzuwenden, um Daten zu sammeln und korrekt 
zu interpretieren und somit angemessene Entscheidungen zu treffen. In dieser Definition 
werden drei Komponenten von Diagnosekompetenzen sichtbar: eine professionelle 
Wissensbasis, diagnostische Aktivitäten und diagnostische Akkuratheit. Die professionelle 
Wissensbasis besteht aus den Facetten pädagogisch-psychologisches Wissen (PK), 
Fachwissen (CK) und fachdidaktisches Wissen (PCK). Die angehenden Lehrkräfte müssen in 
der Lage sein, ihr Wissen innerhalb realer bzw. alltagsnaher Diagnosekontexte in 
diagnostischen Aktivitäten anzuwenden. Diagnostische Aktivitäten beschreiben jene 
Aktivitäten, die Lehrer ausführen, um Daten zu generieren und zu evaluieren, damit eine 
Diagnose erstellt werden kann. Zusätzlich muss die Diagnose qualitativen Anforderungen 
genügen, beispielsweise hinsichtlich ihrer Akkuratheit, womit die Adäquatheit der Diagnose 
einer Person hinsichtlich objektiver Kriterien beschrieben wird. Wie die Komponenten der 
Diagnosekompetenzen zusammenhängen, wurde bisher noch nicht systematisch untersucht. 
Darüber hinaus kann mit Blick auf die universitäre Ausbildung eine stärker werdende Debatte 
hinsichtlich der Förderung der professionellen Wissensbasis ausgemacht werden, an die sich 
die Untersuchung verschiedener instruktionaler Ansätze der Wissensvermittlung (z. B. durch 
Vorlesungen, Textarbeit, über videobasierte Tools) anschließen kann. Im Hinblick auf die 
Forderung, dieses Wissen sowie entsprechende diagnostische Aktivitäten anhand realer 
Diagnosekontexte zu untersuchen, gelten videobasierte Tools als vielversprechend. Der 
Einsatz videobasierter Tools wird als eine Möglichkeit angesehen, um den fachspezifischen 
Berufsalltag möglichst authentisch abzubilden und somit spezifische Komponenten von 
Diagnosekompetenzen situiert messen und fördern zu können. Für die Ausbildung 
angehender Biologielehrkräfte fehlen bisher größtenteils Tools, in denen fachspezifisch 
relevante Situationen aus dem Biologieunterricht Gegenstand der Diagnose sind.  
Um diese Lücke zu schließen, wurde in dem von der DFG (Deutsche 
Forschungsgemeinschaft) geförderten Projekt COSIMA (Förderung von Diagnosekompeten-
zen in simulationsbasierten Lernumgebungen in der Hochschule), in dem die Förderung von 
Professionswissen und diagnostischen Kompetenzen von Biologielehrkräften im Mittelpunkt 
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steht (NE-1196/8-1), das videobasierte Diagnose-Tool DiKoBi Assess entwickelt. In DiKoBi 
Assess (Akronym für Diagnosekompetenzen von Biologielehrkräften im Biologieunterricht) 
sollen biologiespezifische Herausforderungen verschiedener Unterrichtssituationen im 
Hinblick auf die fachspezifische Unterrichtsqualität diagnostiziert werden (mit Bezug auf das 
Niveau der kognitiven Aktivitäten der Lernenden und der Erzeugung von situativem 
Interesse, den Umgang mit (spezifischen) Schülerideen und Fehlern, der Verwendung von 
Fachsprache, den Einsatz von Experimenten, die Verwendung von Modellen, und 
konzeptorientiertem Unterricht).  
Die vorliegende Dissertation verfolgt insgesamt drei Ziele: (1) die Validierung des 
videobasierten Tools DiKoBi Assess hinsichtlich der integrierten biologiespezifischen 
Herausforderungen, der verwendeten Aufgaben sowie des für die Analyse verwendeten 
Konstrukts der diagnostischen Aktivitäten (insbesondere die Aktivitäten Evidenzen 
generieren, Evidenzen evaluieren und Schlussfolgerungen ziehen). Abgeschlossen wird der 
Validierungsprozess durch einen Vergleich des Konstrukts der diagnostischen Aktivitäten mit 
dem in der videobasierten Lehrerforschung etablierten Konstrukt Professional Vision 
(hinsichtlich der enthaltenen Aspekte Beschreibung, Erklärung und Vorhersage). Weiterhin 
verfolgt werden (2) die Untersuchung der Zusammenhänge zwischen den drei Komponenten 
von Diagnosekompetenzen sowie (3) die Analyse der Effekte unterschiedlicher instruktiona-
ler Unterstützungsmaßnahmen auf die professionelle Wissensbasis als Komponente von 
Diagnosekompetenzen.  
Die drei Ziele wurden im Rahmen der ersten Förderphase des COSIMA Projektes 
bearbeitet. Anschließend an eine Vorstudie mit fünf praktizierenden Biologielehrkräften, in 
der die Validität des videobasierten Tools überprüft wurde, fanden zwei Hauptstudien mit 
angehenden Biologielehrkräften statt. Daten wurden sowohl in Studie 1 (N = 90 angehende 
Biologielehrkräfte) als auch in Studie 2 (N = 103 angehende Biologielehrkräfte) in einem Prä-
Post-Design erhoben. In beiden Studien wurde das Professionswissen mit Paper-Pencil-Tests, 
die diagnostischen Aktivitäten und die diagnostische Akkuratheit mit dem videobasierten 
Tool DiKoBi Assess erfasst.  
Die Validierung von DiKoBi Assess zeigte, dass die eingebetteten fachspezifischen 
Unterrichtssituationen als authentisch wahrgenommen wurden, dass biologiespezifische 
Herausforderungen in den jeweiligen Unterrichtssituationen durch praktizierende Biologie-
lehrkräfte diagnostizierbar waren, und dass die integrierten Aufgaben genau die drei 
anvisierten diagnostischen Aktivitäten Evidenzen generieren, Evidenzen evaluieren und 
Schlussfolgerungen ziehen triggerten. Somit können mit DiKoBi Assess gezielt diagnostische 
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Aktivitäten ausgelöst und gemessen werden. Zudem konnten als Resultat aus dem Vergleich 
der Konstrukte diagnostische Aktivitäten und Professional Vision Kategorien identifiziert und 
beschrieben werden, die für das Diagnostizieren der biologiespezifischen Unterrichts-
situationen aus DiKoBi Assess relevant waren und somit in den nachfolgenden Hauptstudien 
als Analysekategorien genutzt werden konnten. Die Auswertung der Hauptstudien zeigte, dass 
vor allem PCK wichtig für die Anwendung der diagnostischen Aktivitäten und die 
diagnostische Akkuratheit war. Daneben bestand auch ein Zusammenhang zwischen PK und 
den diagnostischen Aktivitäten. Beide Hauptstudien deuteten zudem auf einen Einfluss der 
Arbeit in DiKoBi Assess für den Aufbau von PCK hin. Als sinnvoll kann darüber hinaus der 
Einsatz des videobasierten Tools in Kombination mit dozentenbasierter Instruktion angesehen 
werden. Während für die Entwicklung von CK eine nicht-integrierte Vermittlung der 
Wissensfacetten förderlich zu sein scheint, profitiert PCK deskriptiv etwas stärker von einer 
integrierten Vermittlung. Insgesamt legen die Ergebnisse nahe, dass das Diagnostizieren 
biologiespezifischer Unterrichtssituationen in DiKoBi Assess effektiver für den Wissens-
aufbau als instruktionale Ansätze wie z.B. Textinterventionen ist, dass aber hinsichtlich der 
Förderung von PCK auch eine stärkere Verknüpfung der Wissensfacetten bei der Instruktion 
von curricularen Inhalten angebracht ist.  
Daher kann hinsichtlich der Ergebnisse dieser Dissertation festgehalten werden, dass 
DiKoBi Assess ein valides Messinstrument für Untersuchungen zu Diagnosekompetenzen 
angehender Biologielehrkräfte ist. Darüber hinaus kann durch die Arbeit mit DiKoBi Assess 
und dem Diagnostizieren von Unterrichtsqualität fachspezifisches Wissen (PCK) gefördert 
werden, welches wiederum eine entscheidende Komponente der diagnostischen Kompetenzen 
von Biologielehrkräften darstellt und daher expliziter Förderung bedarf. Bisherige 
Lehrmethoden der Lehrerausbildung, in denen Wissen über Texte oder Vorlesungen 
vermittelt wird, sollten daher vor allem im Hinblick auf die Förderung der 
anwendungsorientierten Wissensfacetten PCK und PK noch stärker um Anwendungen mit 
Praxisbezug ergänzt werden. Dies kann beispielweise über videobasierte Tools erfolgen. 
Zusätzlich können derartige Tools auch hilfreich sein, um die Wissensfacetten in integrierter 
Weise zu adressieren und eine stärkere Vernetzung zwischen den Wissensfacetten zu 
ermöglichen. Explizite Fachseminare, in denen spezifische Fachinhalte vermittelt werden, 
erscheinen jedoch nach wie vor sinnvoll, um eine fundierte CK-Basis zu entwickeln.  
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1. Introduction 
As part of their professional competence, teachers must solve a wide variety of problem 
situations. Therefore, they engage in reasoning processes to make decisions that should lead 
to effective classroom instruction and instructional quality that, in turn, improves student 
achievement (Baumert & Kunter, 2013b; Seidel & Shavelson, 2007). Similar to a physician’s 
behavior (identifying and interpreting symptoms of a patient to decide how best to treat the 
patient), a teacher’s assessment of classroom situations and incidents can be understood as a 
diagnosis aimed at adapting instruction to best meet students’ needs (Heitzmann et al., 2019; 
Klug et al., 2013). In order to effectively manage such diagnostic contexts, teachers need 
diagnostic competences
1
 that can be “defined as individual dispositions enabling people to 
apply their knowledge in diagnostic activities according to professional standards to collect 
and interpret data in order to make high-quality decisions” (Heitzmann et al., 2019, p. 5). This 
definition originates from a joint research project of actors in medical and teacher education, 
who are investigating diagnostic competences in their respective professions in the DFG-
funded project COSIMA (Facilitating diagnostic competences in simulation-based learning 
environments in higher education, FOR 2385). The transfer of previous findings and 
constructs of diagnosis from medicine to constructs of teacher education represents a central 
research approach of the COSIMA group. According to the definition of diagnostic 
competences, three components have been described that need to be considered when 
investigating teachers’ diagnostic competences: teachers’ professional knowledge as part of 
their cognitive dispositions, diagnostic activities that teachers engage in to derive a diagnosis, 
and a quality measure that can be realized in terms of accuracy to achieve adequate follow-up 
decisions (Heitzmann et al., 2019; Chernikova et al., in press). Since applying knowledge to 
individual cases is seen as challenging not only for pre-service teachers but also for young 
professionals (Berliner, 2001; Heitzmann et al., 2019), there is a demand to promote pre-
service teachers’ knowledge development, and thus, their diagnostic competences already in 
teacher education at university by providing opportunities for diagnosing. This approach is 
emphasized by researchers because competences are acquired through experience and 
learning in relevant, challenging situations and can be influenced by external interventions 
                                                 
1
 Throughout this dissertation, the plural “diagnostic competences” is used to indicate that there is no global 
construct of diagnostic competence but that its conceptualization depends on the specific focus of the study, the 
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and additional instructional support (Heitzmann et al., 2019; Janssen & Lazonder, 2016; 
Klieme et al., 2008; Weinert, 2001). Therefore, video-based programs and tools have been 
developed that approximate practice and allow for the application of knowledge while 
considering the specificity of a situation (Gaudin & Chaliès, 2015; Gold & Holodynski, 2017; 
Hoth et al., 2018). In science education, there are a few video-based tools that provide 
diagnostic situations, but whole-class scenarios in which science-specific features of 
instructional quality have to be assessed for diagnosis have not explicitly been designed yet. 
Instead, the diagnostic foci of the tools are directly related to student-teacher-interaction, 
student behavior and student learning (e.g., Codreanu et al., 2020; Hoth et al., 2016; Kaiser et 
al., 2015; Kersting, 2008; Santagata et al., 2007), but not to specific instructional quality 
dimensions such as cognitive activation that affect student achievement (Förtsch et al., 2016). 
Since it is the subject-specific dimensions in particular that are crucial for instructional quality 
and student achievement in the subject (Helmke & Schrader, 1987; Karing et al., 2011; Seidel 
& Shavelson, 2007), an instrument that allows the assessment of subject-specific instructional 
quality with consideration of the teachers’ instructional behavior was developed and 
validated: the video-based tool DiKoBi Assess
2
 (German acronym for diagnostic competences 
of biology teachers in biology classrooms). This tool is intended to investigate questions 
regarding the analysis and promotion of the three components of diagnostic competences 
within biology education.  
To frame the publications and manuscripts as well as the theoretical approaches and 
constructs used therein, the introduction and discussion of this dissertation are structured as 
follows: In order to understand the structure and conception of the video-based tool DiKoBi 
Assess and the associated diagnostic context, the introduction starts with the description of 
generic and subject-specific dimensions of instructional quality that underlie effective 
teaching (see Section 1.1). This perspective representing research on teaching effectiveness is 
then complemented by aspects concerning research on teacher professionalism. Based on the 
situated approach of modeling the professional competence of teachers as a continuum (see 
Section 1.2), the components of diagnostic competences are derived from previous research 
traditions before they are brought together and embedded in a conceptual framework of the 
COSIMA research project, whose evaluation with regard to the conceptualization of 
diagnostic competences and possible effects of instructional factors are still pending (see 
                                                 
2
 The video-based tool DiKoBi can be used in two ways: (1) as a measuring instrument (DiKoBi Assess) and (2) 
as a learning environment (DiKoBi Learn). This dissertation is mainly concerned with the tool’s use as a 
measurement instrument and therefore refers to the tool as DiKoBi Assess.  
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Section 1.3). After that, professional knowledge (see Section 1.3.1), diagnostic activities (see 
Section 1.3.2), and diagnostic accuracy (see Section 1.3.3), the three components of 
diagnostic competences, are described in more detail, and each is related to corresponding 
constructs used alternatively in teacher expertise research. This compilation results in further 
research gaps concerning the understanding and transferability of different constructs also 
included in these sections. An overview illustrates the variety of different constructs and 
conceptualizations used to investigate situation-specific skills in the context of assessment 
and diagnosis, as well as findings regarding their relationships to other components of 
diagnostic competences such as professional knowledge or diagnostic accuracy (see Section 
1.4). As a last theoretical aspect, the use of videos in teacher education is considered (see 
Section 1.5), before the introduction closes with a description of the video-based assessment 
tool DiKoBi Assess (see Section 1.6). From the theoretical introduction, three research aims 
are derived (see Section 2), which were addressed in the context of three publications and two 
manuscripts (see Section 3). Afterward, the results of these publications are summarized and 
discussed with regard to the three research aims (see Sections 4.1 to 4.4). After referring to 
the limitations of the different studies conducted (see Section 4.5), further research is 
described that (can) follow the results of this dissertation (see Section 4.6). Finally, 
implications for research and teacher education are outlined (see Section 4.7).  
Since several terms and constructs are considered relevant to understand the results of 
Section 3, Figure 1 was created to give an overview of the main terms and constructs used in 
this dissertation as well as the corresponding theoretical sections.  
 
Figure 1. Overview of the main terms and constructs used in this dissertation. Diagnostic 
competences can be understood as a specification of teacher professional competence with 
regard to the context of diagnosis. 
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1.1 Instructional quality in biology classrooms 
According to the process-mediation-product paradigm, the teaching conditions that are mostly 
set by the instructional behavior of a teacher affect student outcome variables such as student 
achievement (Brophy, 2000; Neuhaus, 2007; Seidel & Shavelson, 2007). A teacher’s 
instructional behavior should aim to provide learning opportunities for students. Effective 
instructional characteristics that promote learning are also referred to as instructional quality 
features, which can be distinguished in generic and subject-specific features of instructional 
quality (Neuhaus, 2007; Seidel & Shavelson, 2007; Wüsten, 2010).  
In German-speaking countries, generic features of instructional quality have been 
described by the use of three basic dimensions that were evolved based on the analysis of 
mathematics instruction but occur more or less across domains (Baumert et al., 2010; Klieme 
et al., 2001, 2006). The three basic dimensions are classroom management, supportive 
climate
3
, and cognitive activation. Similar approaches can also be found in English-speaking 
countries. The CLASS-S framework (Pianta et al., 2012), for example, distinguished three 
broad domains of classroom interaction between students and teachers that are assumed to be 
important for student learning. The three domains, classroom organization, emotional 
support, and instructional support, can be seen as consistent with the three basic dimensions 
described in German-speaking research (Hamre et al., 2007).  
Classroom management describes how teachers structure, organize, and monitor 
classroom instruction, and how they deal with student behavior. Overall, effective classroom 
management aims at generating time for students’ learning activities (Klieme & Rakoczy, 
2008; Kunter et al., 2007; Praetorius et al., 2018; Seidel & Shavelson, 2007). Supportive 
climate refers to characteristics on how a teacher addresses individual needs of students, 
which includes strategies of individualization and differentiation, but also adaptive support 
and feedback by the teacher, as well as positive teacher-student and student-student 
relationships (Hamre et al., 2007; Lipowsky et al., 2009; Praetorius et al., 2018). The third 
basic dimension, cognitive activation, requires instruction that promotes in-depth learning and 
reflection. The implementation of cognitive activation is to a great extent subject-specific, 
with good classroom management and supportive climate being conducive to the successful 
                                                 
3
 Supportive climate represents one out of several labels researchers used to name this basic dimension. While 
supportive climate has been used, for example, by Dorfner, Förtsch, and Neuhaus (2018) or Lipowsky et al. 
(2009), other researchers used labels such as student orientation (Klieme et al., 2001), personal learning 
support (Schlesinger & Jentsch, 2016), student support (Praetorius et al., 2018), or emotional support (Hamre 
et al., 2007).  
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application of cognitively activating strategies (Dorfner, Förtsch, & Neuhaus, 2018; 
Praetorius et al., 2018; Schlesinger & Jentsch, 2016). Key elements of cognitively activating 
instruction that foster conceptual understanding are the level of students’ cognitive activities, 
conceptual instruction, and thoughtful discourse (Lipowsky et al., 2009). From a science 
education perspective, the level of students‘ cognitive activities is demonstrated by subject-
specific features such as use of cognitive conflicts, focus questions, the activation of prior 
knowledge and conceptions (without targeting a specific answer), and the use of challenging 
and complex tasks to foster high-level thinking. These features indicate cognitively 
demanding instruction that foster students’ deep understanding of the content (Förtsch et al., 
2016; Förtsch et al., 2017; Lipowsky et al., 2009; Nawani et al., 2017; Praetorius et al., 2018). 
Subject specificity is then reflected in the fact that these features must be described with 
regard to the subject content that is taught, for example, in biology lessons (Dorfner et al., 
2017; Neuhaus, 2007). The second key element of cognitive activation, conceptual 
instruction, aims at high knowledge linking through teaching interrelated facts and concepts 
instead of isolated facts, thus, fostering students’ cognitive activation and the development of 
knowledge that is suitable for application (Brophy, 2000; Lipowsky et al., 2009). To support 
students’ conceptual understanding, their prior knowledge and ideas have to be activated and 
linked to concepts they already know. Furthermore, learning opportunities should be 
provided, which allow students to apply and transfer the underlying concepts to different 
contexts (Brophy, 2000; Förtsch et al., 2020; Greeno, 2006; Wadouh et al., 2014). Thoughtful 
discourse features a teachers’ questioning behavior that stimulates students to develop ideas in 
a reasonable and sustained manner, “to process and reflect on content, recognize relationships 
among and implications of its key ideas, think critically about it, and use it in problem-
solving, decision making or other higher-order applications” (Brophy, 2000, p. 19). There is 
evidence that including these key elements of cognitive activation into mathematics or 
biology instruction increases instructional quality, and thus, student achievement (Förtsch et 
al., 2017; Lipowsky et al., 2009).  
While it is undisputed that the implementation of the three basic dimensions is 
necessary for high-quality instruction, researchers also point out that “[o]ver and beyond these 
generic characteristics, content-related aspects of teaching quality need to be considered” 
(Praetorius et al., 2018, p. 423). In line with this claim to extend the framework of the three 
basic dimensions, research in recent years has discussed other characteristics that need to be 
implemented in a subject-specific way or are entirely specific to biology instruction and 
difficult to transfer to other subjects (Dorfner et al., 2017; Neuhaus, 2007; Wüsten, 2010). 
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Seidel and Shavelson (2007) showed that subject-specific characteristics are the ones that 
have the highest effects on student achievement. For biology instruction, several subject-
specific dimensions and corresponding features have been described to extend the basic 
dimensions of instructional quality. These features were found to be empirically effective and 
can be implemented in the course of a lesson (Dorfner, Förtsch, Spangler et al., 2019; Wüsten, 
2010). Table 1 presents subject-specific dimensions and selected features that serve as 
indicators of instructional quality in the biology classroom.  
 
Table 1. Overview of subject-specific characteristics of instructional quality; modified and 
extended to Kramer et al. (2020).   
Subject-specific characteristics of instructional quality 
Subject-specific 
dimensions  





















- challenging tasks and questions to foster high-
level thinking 
- provoking cognitive conflicts 
- activating students’ prior knowledge and 
conceptions 
- …  
- teaching interrelated facts and concepts to 
promote knowledge-linking  
- linking students’ ideas, experiences, and prior 
knowledge with new concepts  
- encouraging students to discover and 
understand the meaning of underlying 
principles 
- …  
- stimulating students to develop ideas 
thoughtfully and sustained 
- asking open-ended questions  
- …  
 
Brophy, 2000; Förtsch et al., 
2017; Klieme et al., 2006; 
Lipowsky et al., 2009; 
Praetorius et al., 2018 
 
 
Förtsch et al., 2020; Lipowsky 












- motivating presentation of the specific topic to 
create focused attention and affective 
involvement  
- referring to biology-specific everyday 
examples and problems  
- …  
Dorfner, Förtsch, & Neuhaus, 
2018; Klieme et al., 2006; 
Schiefele, 2009 
Dealing with (specific) 
student ideas and errors 
- eliciting ways of student thinking  
- detecting technical errors and using these 
errors as an opportunity for student learning 
(in terms of conceptual change) 
- encouraging students to explain their ideas and 
solution methods 
- …  
Herppich et al., 2013; Praetorius 
et al., 2018; Rach et al., 2013; 
Spychiger, 2008 
Use of technical 
language  
- using minimally necessary topic-relevant 
terms  
- explaining and understanding new concepts in 
everyday terms before using scientific 
language  
- differentiate relevant terms clearly 
- …  
Brown & Ryoo, 2008; Dorfner, 
Förtsch, & Neuhaus, 2019; 
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Use of experiments - using scientific inquiry methods to solve 
problems 
- steps of scientific inquiry are embedded: 
formulating scientific research questions and 
hypotheses, planning experiments, analyzing 
data, and drawing conclusions  
- …   
Dorfner, Förtsch, Germ et al., 
2018; Mayer, 2007; Simon, 
1992; Tesch & Duit, 2004 
Use of models - model use goes beyond pure illustration  
- elaborate use of models (e.g., by using models 
as tools for scientific reasoning)  
- critical reflection of the model as a 
representation of something  
- … 
Oh & Oh, 2011; Werner et al., 
2017 
Note: The features listed represent a selection of meaningful features. However, project-specific conceptualiza-
tions may draw on further indicators. In addition, cognitive activation was included as subject-specific part of the 
basic dimensions to illustrate that its implementation is to a great extent subject-specific.  
 
For the implementation of generic and subject-specific instructional quality features, 
teachers’ professional knowledge is considered crucial. Teachers’ professional knowledge is 
seen as the essential basis that informs their actions (Krauss et al., 2004). For the instructional 
implementation of subject-specific features, teachers are expected to draw on the subject-
specific facets of their professional knowledge: pedagogical content knowledge and content 
knowledge (Blömeke & Kaiser, 2017; Bromme, 1995; Jentsch et al., 2020; Wüsten, 2010). 
This knowledge, on the other hand, is not required when generic instructional features are 
implemented (Voss & Kunter, 2013).  
1.2 Teachers’ professional competence 
Teachers‘ professionalism has long been studied from a cognitive perspective based on the 
expert paradigm (Bromme, 1997), focusing dominantly on knowledge facets of teachers. In 
the COACTIV project, for example, Baumert and Kunter (2013a) introduced a model of 
teachers’ professional competence, in which cognitive aspects (professional knowledge) and 
non-cognitive aspects (beliefs, motivational orientations, self-regulation) are described. 
However, they defined professional knowledge as the core of teachers’ professionalism being 
relevant for instructional practice, and therefore, for student achievement (Kunter & Baumert, 
2013). Other empirical studies in mathematics or science used similar approaches to examine 
teachers professional competence, partly including motivational, metacognitive, or self-
regulatory aspects (e.g., KiL: Großschedl, Harms et al., 2014; MT21: Schmidt et al., 2007; 
ProwiN: Tepner et al., 2012; QuIP: Fischer, H. E. et al., 2014; TEDS-M: Blömeke et al., 
2010). However, since teaching is assumed to be multi-dimensional, the situated context in 
which knowledge is enacted needs to be considered as well (Blömeke & Kaiser, 2017; 
Depaepe et al., 2013). Investigating teachers’ professional competence should therefore 
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combine the cognitive perspective and the situated perspective to describe competence 
(Depaepe et al., 2013). As a result, Blömeke et al. (2015) modeled teachers’ professional 
competence on a continuum that starts from dispositional traits (cognitive, affective, 
motivational) underlying teachers’ cognitive skills. These relate to specific instructional 
situations and, in turn, lead to observable behavior (e.g., classroom instruction). In addition, 
teachers’ instructional behavior is assumed to influence their cognitive skills, and thus, their 
dispositions as well (Carlson et al., 2019; Santagata & Yeh, 2016). Since the application of 
cognitive skills is considered to be situation-specific, cognitive skills are also referred to as 
situation-specific skills, whose conceptualization may vary with respect to the domain and the 
context (Stahnke et al., 2016).  
The general conception of the competence as a continuum model by Blömeke et al. 
(2015) allows its transfer to specific contexts in which teachers have to act professionally. 
With regard to the importance of instructional quality features for effective teaching (see 
Section 1.1), teachers’ ability to assess instruction in terms of the instructional quality features 
can be considered as one key aspect of teaching expertise that is a part of teachers’ diagnostic 
competences (Artelt & Gräsel, 2009; Helmke & Schrader, 1987; Karst et al., 2014; Weinert et 
al., 1990). The importance of diagnostic competences is also acknowledged politically as an 
important element in teacher education. Therefore, it is stated in German standards of teacher 
education (Sekretariat der Ständigen Konferenz der Kultusminister der Länder in der 
Bundesrepublik Deutschland [KMK], 2008).  
1.3 Diagnostic competences 
Diagnostic competences and diagnosis are often related to medicine when a physician 
diagnoses health limitations of a patient or reasons for these limitations (Berner & Graber, 
2008; Schwartz & Elstein, 2008). However, diagnostic competences are also necessary within 
classrooms and are largely used synonymously with assessment competences in German 
research (Herppich et al., 2018). Teachers’ diagnoses in the classroom refer to the systematic 
assessment of a current state, either related to an individual student’s learning process and 
achievement level or a whole classroom situation and the quality of instructional processes 
(Heitzmann et al., 2019; Helmke & Lenske, 2013; Klug et al., 2013). Based on these 
diagnoses, a teacher can adapt the learning environment to the learning requirements of the 
students by making decisions on how to continue with instruction in order to promote 
students’ learning (Ostermann et al., 2019; Schrader, 2013). Therefore, teachers’ diagnostic 
competences count as a crucial part of their expertise. At the same time, the processes 
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described (systematically collecting, analyzing and interpreting data for assessment to inform 
pedagogical reasoning and decision-making) reveal similarities to scientific reasoning, from 
which the basic processes and skills used by a diagnosing person can be derived (cf. Brown et 
al., 2010; Wildgans-Lang et al., 2020). Therefore, some conceptualizations of diagnostic 
competences contain components that originate from research on scientific reasoning (e.g., 
epistemic activities that have been translated into diagnostic activities by Heitzmann et al., 
2019; see Section 1.3.2). In the following, approaches to model diagnostic competences and 
corresponding components are briefly outlined.  
In recent years, theoretical models of teachers’ diagnostic competences have been 
developed in order to identify components of diagnostic competences, to understand 
interrelationships between them, and to investigate approaches to support them. For example, 
Klug et al. (2013) postulated a model of teachers’ diagnostic processes when diagnosing 
students’ learning behavior. The modeled diagnostic process consists of three phases 
(preactional, actional, postactional) that teachers go through during the diagnostic process. 
van Ophuysen and Behrmann (2015) described a model that differentiates quality features of 
the diagnostic process that are considered important for the diagnostic quality. The model 
distinguishes four components that teachers should use to systematically collect information 
about learners in order to justify instructional decisions. Two components refer to processes 
(data collection and processing of information), the other two components to the results (data 
and judgment), which have to be evaluated with respect to specific criteria. However, aspects 
such as knowledge, diagnostic occasions, or consequences of diagnostic judgments are often 
disregarded, although modeling diagnostic competences would, in fact, require a more 
comprehensive integration of these aspects (Praetorius & Südkamp, 2017).  
A more comprehensive framework was recently introduced by Loibl et al. (2020) as 
the DiaCoM (Explaining teachers’ diagnostic judgements by cognitive modeling) framework 
that distinguishes person characteristics (e.g., professional knowledge) and cognitive 
processes from observable situation characteristics (e.g., task difficulty, instructional quality 
features) and diagnostic behavior. Since the framework’s purpose is to model diagnostic 
thinking, skills or activities that are utilized within diagnostic processes are not included. 
Additionally, the framework does not predefine how cognitive processes are modeled but 
emphasizes that this component needs to be specified with regard to a specific research goal. 
Other more comprehensive approaches defined diagnostic competences with regard to the 
competence as a continuum model as “those dispositions, situation-specific skills and 
performance that teachers need for diagnosis in the context of teaching and learning” (Hoth et 
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al., 2016, p. 43). In that vein, Herppich et al. (2018) introduced a model of teachers’ 
assessment competence that related constituents of judgment accuracy with constituents of the 
diagnostic process under consideration of individual dispositions and the specific diagnostic 
situation. However, the model is intended to be used to assess learners and characteristics 
relevant to learning, but not the diagnosis of other situations such as classroom instruction 
(Herppich et al., 2017).  
Another framework for exploring diagnostic competences was used in the COSIMA 
project, an interdisciplinary project combining research in medical and teacher education 
(Heitzmann et al., 2019; Chernikova et al., in press). The conceptual framework builds on the 
recent attempt to integrate components of diagnostic competences from the cognitive and 
situated perspective and factors that influence its development. Therein, diagnostic 
competences are conceptualized across professional domains and contain both outcome and 
process-related variables. Similar to the conception of professional competence by Blömeke 
et al. (2015), the authors defined diagnostic competences “as individual dispositions enabling 
people to apply their knowledge in diagnostic activities according to professional standards to 
collect and interpret data in order to make decisions of high quality” (Heitzmann et al., 2019, 
p. 5). Therefore, three components of diagnostic competences emerged as vital: professional 
knowledge, diagnostic activities, and the quality of the diagnosis that can be described 
through diagnostic accuracy. Based on theoretical and empirical findings on the development 
of expertise and skills, the conceptual framework highlights the importance of individual 
learning prerequisites such as prior knowledge as well as students’ engagement in complex, 
practice-oriented situations for improving diagnostic competences (Heitzmann et al., 2019; 
Renkl & Atkinson, 2003; van Lehn, 1996). With regard to research on complex learning 
environments (e.g., Lazonder & Harmsten, 2016), the authors also assumed that the inclusion 
of instructional support is effective for learning (Chernikova et al., in press). Figure 2 shows 
the main elements of the conceptual framework.   
Pending is the evaluation of the framework with regard to the conceptualization of 
diagnostic competences as well as factors such as ways of instructional support that influence 
diagnostic competences within a specific domain such as biology education. Such questions 
are to be addressed in the project by means of video-based tools that provide approximations 
of practice (Grossman et al., 2009) (see Section 1.4). This dissertation takes on such questions 
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Figure 2. Illustration of the “COSIMA framework model” for using video-based tools to 
facilitate the development of diagnostic competences (https://www.for2385.uni-
muenchen.de/aktuelles/rahmenmodellccby/cosima-frame-model_eng.pdf), created by 
COSIMA research unit, published in Chernikova et al. (in press), licensed under CC BY 4.0 
(https://creativecommons.org/licenses/by/4.0/legalcode). 
1.3.1 Professional knowledge base 
Teachers’ professional knowledge counts as an important part of teachers’ diagnostic 
competences that enables them to apply specific skills such as diagnostic activities effectively 
(Blömeke et al., 2015; Brunner et al., 2013; Heitzmann et al., 2019). To systematically 
describe and analyze different aspects of the professional knowledge base, researchers 
distinguished different types and content facets of knowledge whose relevance may vary 
depending on the domain under study as well as the specific situation (Förtsch et al., 2018). 
 
1.3.1.1 Facets of knowledge 
On the basis of Shulman (1986, 1987), different facets of professional knowledge have been 
distinguished. Among them, three knowledge facets were relevant in a wide variety of 
studies: pedagogical-psychological knowledge (PK), content knowledge (CK), and 
pedagogical content knowledge (PCK). Whereas PK can be seen as a content-independent 
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facet, both CK and PCK are mainly considered content-specific (Baumert & Kunter, 2013a; 
Fischer et al., 2012; Jüttner et al., 2013).  
The domain-general knowledge facet PK includes generic theories and methods of 
teaching and learning. One initial key aspect of PK covered knowledge about classroom 
management (König et al., 2011; Shulman, 1987). Conceptual frameworks of TEDS-M, 
COACTIV, and ProwiN additionally introduced general knowledge about instructional 
methods, performance assessment, and individual learning processes as further aspects (König 
et al., 2011; Lenske et al., 2016; Voss & Kunter, 2013). The aforementioned aspects also refer 
to contents related to the basic dimensions of instructional quality, which are also explicitly 
mentioned in some conceptualizations (Kunina-Habenicht et al., 2020). 
CK refers to knowledge about facts and terms, as well as knowledge about subject-
specific concepts and methods (Ball et al., 2008). Content knowledge also includes 
knowledge about connections between contents within one subject. A deep understanding 
means knowing many details about a specific content (Hill et al., 2005; Shulman, 1986). 
Therefore, CK is considered subject- and in parts content-specific (Hill et al., 2004).  
The particular knowledge that is used to make particular content accessible for a 
particular group of learners is referred to as pedagogical content knowledge (PCK), 
containing aspects of content and pedagogy (Gess-Newsome, 2015; Shulman, 1987). For 
high-quality biology teaching, biology teachers need knowledge about students’ 
(mis)conceptions regarding a specific instructional content as well as knowledge about 
subject-specific structures of instruction and corresponding teaching strategies (Depaepe et 
al., 2013; Park & Oliver, 2008; Schmelzing et al., 2013). Therefore, with regard to subject-
specific instructional quality, biology teachers’ subject-specific knowledge facets PCK and 
CK are of particular importance (e.g., Baumert & Kunter, 2013b). Given the many 
perspectives and situations under which PCK has been studied and the measuring methods 
that have been utilized (e.g., knowledge tests, interviews, assessments of lesson planning, 
classroom observations, or classroom reflections), many researchers argued for a more 
differentiated view on PCK, as the different situations and methods also resulted in different 
manifestations of PCK being captured, some of which were more closely to a skill than to a 
cognitive disposition (Alonzo & Kim, 2016; Gess-Newsome et al., 2019). As a result, science 
education researchers conceptualized a model that illustrates different forms or realms of 
PCK. The model is referred to as the Refined Consensus Model (RCM) and differentiates 
PCK into collective PCK (cPCK), personal PCK (pPCK), and enacted PCK (ePCK) (Carlson 
et al., 2019). While pPCK and ePCK are based on an individual’s teaching and learning 
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experiences, cPCK describes the knowledge that is held collectively by professionals within a 
domain. It is primarily informed from research (e.g., on teaching effectiveness), collated in 
subject-specific literature, and taught in subject courses (Carlson et al., 2019). Furthermore, 
cPCK provides the basis for the development of test instruments (cf. Sorge, Stender et al., 
2019). pPCK develops due to a pre-service science teacher’s education, practical experience, 
and professional exchange with colleagues. Therefore, pPCK reflects the individual structure 
and composition of content-specific pedagogical knowledge of a particular person that also 
informs the person’s actions (Alonzo et al., 2019; Carlson et al., 2019). However, teachers 
also utilize PCK in the moment of teaching, when they plan instruction, carry out instruction, 
or reflect on instruction. Reflection may occur directly in action (e.g., when interacting with 
students), or as reflection on actions (e.g., when reflecting on classroom instruction) (Carlson 
et al., 2019). Researchers refer to this realm as ePCK. ePCK is considered to appear at a very 
short timescale and underly “science teachers’ in-the-moment instructional decisions” 
(Alonzo et al., 2019, p. 274), thus, representing knowledge that is to a certain extent tacit and 
not articulable. In contrast, cPCK and pPCK represent rather static, articulable knowledge. 
Therefore, referring back to the different perspectives on professional knowledge, cPCK and 
pPCK may be important from the cognitive perspective, whereas ePCK builds a bridge to the 
situated perspective on competence, as it is generated in those situations where situation-
specific skills are applied. Therefore, it may inform those skills that teachers apply during 
instruction and that have been operationalized as action-related skills (Kulgemeyer et al., 
2020), professional vision (Seidel & Stürmer, 2014), or diagnostic activities (Heitzmann et 
al., 2019) (see Section 1.3.2). Finally, in the vein of the assumed bidirectional competence 
development, the generated ePCK can interact with other forms of PCK through reflection in 
and on action (Alonzo et al., 2019). 
In summary, the differentiation of professional knowledge into facets and their further 
conceptualization is important to understand how knowledge and skills are connected and can 
be transformed in order to support the development of diagnostic competences.  
 
1.3.1.2 Types of knowledge 
In addition, the three professional knowledge facets can be distinguished into different 
cognitive types of knowledge (e.g., declarative, procedural, strategic, conditional). However, 
in different domains and research strands, their terminology partly differs with respect to the 
concrete understanding of each knowledge type. In order to compare research results from 
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different domains, Förtsch et al. (2018) introduced a terminology to summarize emerged 
knowledge aspects. In summary, three knowledge types can be distinguished: knowing that, 
knowing how, and knowing when and why. Knowing that describes mostly declarative 
knowledge, meaning that someone knows about facts, terms, and principles of a specific 
subject and topic (Anderson, 1982; Paris et al., 1983; Tepner et al., 2012). It is complemented 
by knowledge about how to execute various actions, subject-specific instructional practices 
and procedures, as well as knowledge about when and why to execute these actions. Knowing 
when and why therefore describes conditions under which instructional decisions and 
practices are appropriate, as well as reasons for carrying out these practices (Förtsch et al., 
2018; Paris et al., 1983; Tepner et al., 2012). Since knowing how and knowing when and why 
both contain knowledge that professionals need to act in various situations, they are also 
referred to as action-related knowledge types that underlie action-related skills (Förtsch et al., 
2018; Kopp et al., 2008; Kulgemeyer et al., 2020). Action-related knowledge is also discussed 
under the terms procedural, conditional, or strategic knowledge. Still, all conceptualizations 
cover knowing how and knowing when and why as types of action-related knowledge, whose 
application is tied to a specific situation and context (Jüttner et al., 2013; Tepner et al., 2012).  
This differentiation also has consequences for the measurement of the different 
knowledge types. Knowing that, for example, has mostly been measured through paper-pencil 
tests, requiring participants to remember and retrieve information (Großschedl et al., 2019; 
Schmelzing et al., 2013). Knowing how and knowing when and why, however, require 
assessment situations that provide practical contexts, such as utilizing text- or video vignettes 
in which authentic instructional situations are presented (Cauet et al., 2015; Hoth et al., 2018). 
In the field of biology education, current efforts are also being made to measure procedural 
knowledge about diagnostics and learning processes by using the simulated classroom 
biology SCR
Bio
 (Fischer et al., 2018). However, attempts exist, in which knowing how and 
knowing when and why have been successfully measured with paper-pencil tests that strove 
for more complexity (Blömeke et al., 2016; Jüttner et al., 2013). Still, such tests are scarcely 
used.  
Overall, researchers agree that multiple methods are necessary to capture teachers’ 
professional knowledge more comprehensively and that the understanding of the structure and 
nature of professional knowledge is essential to develop specific ways that promote 
knowledge development (e.g., Alonzo & Kim, 2016; Förtsch et al., 2018; Kleickmann et al., 
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1.3.1.3 Fostering knowledge development in teacher education 
With regard to subject-specific characteristics of instructional quality in mathematics or 
biology classrooms, teachers’ subject-specific knowledge facets and, in particular, their PCK 
are highly relevant (Förtsch et al., 2016; Kunter et al., 2013). Thus, one main research focus 
lies on the conditions for the development of PCK and the role of CK and PK (Kleickmann et 
al., 2017).  
There is evidence that neither PK nor CK is sufficient for effective instruction and that 
PCK counts as an own unique knowledge facet with high relevance for subject-specific 
instructional quality (Baumert et al., 2010; Evens et al., 2018; Förtsch et al., 2016; 
Kleickmann et al., 2017). Concerning the subject-specific knowledge facets, research findings 
of different studies indicated a close relationship between CK and PCK, and that CK can be 
considered as relevant but not sufficient for the development of PCK (Baumert & Kunter, 
2013b; Fischer et al., 2012; Kleickmann et al., 2017). Positive effects in terms of PCK 
development have been found for the explicit instruction on PCK that in turn affected PK and 
CK, as well as for a combined instruction of CK and PCK (Kleickmann et al., 2017; Tröbst et 
al., 2019). Instruction on PK, however, is primarily assumed to be important for providing 
domain-general knowledge about teaching and learning (e.g., about generic characteristics of 
instructional quality, see Wüsten, 2010). Holding that knowledge “is seen as a general 
precondition for a high quality of instruction […] [and thus] a necessary but not sufficient 
precondition to use CK and PCK for enhancing subject-specific learning processes” (Fischer 
et al., 2012, 443f.).  
The assumed division into the three knowledge facets is also reflected in the tripartite 
organization of university teacher education, in which PK, CK, and PCK are taught in 
specialized faculties (König et al., 2018; Tröbst et al., 2019). Research findings from recent 
years, however, implicate benefits of an integrated presentation of knowledge facets that takes 
the existing relationship between the knowledge facets into account (Harr et al., 2014; Tröbst 
et al., 2019). Integration means addressing aspects of PK, CK, and PCK in an interrelated way 
that allows for direct cross-referencing between content and pedagogy, filling generic 
principles with subject-specific content and linking new and existing ideas, and thus, fostering 
applicable and transferable knowledge instead of inert knowledge (Evens et al., 2018; Harr et 
al., 2014; Renkl et al., 1996; Scott et al., 2011; Wadouh et al., 2014). Within teacher 
education, pre-service teachers acquire knowledge through various routes, for example, self-
directed through texts, presented by a lecturer, or through practical approaches. However, an 
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integrated treatment of the three knowledge facets PK, CK, and PCK is largely missing in 
each of these routes (Ball, 2000; Harr et al., 2014).  
To date, integrated approaches have been examined in the context of computer-based 
intervention studies (Evens et al., 2018; Harr et al., 2014, 2015; Janssen & Lazonder, 2016). 
For example, Janssen and Lazonder (2016) were able to show that pre-service teachers not 
only preferred integrated instruction (in terms of content and pedagogy) but that integrated 
instruction of content and pedagogy was also more effective for the quality of PCK in lesson 
plans and PCK-related justifications. However, PCK was merely investigated as an outcome 
variable but not part of the integrated instruction. The high effectiveness of an integrated 
learning environment was also shown by Harr et al. (2014, 2015). They found that integrating 
relevant aspects of PK and PCK increased the applicability of PK aspects and the 
simultaneous application of PK and PCK when participants had to solve a particular case in 
classroom teaching. Considering the effort it would take to restructure curricula at 
universities, Harr et al. (2015) pursued a different approach. In this approach, integration was 
not provided by a pre-structured environment but had to be done by the pre-service teachers 
themselves. Pre-service teachers were mentally triggered by specific prompts to relate content 
topics and pedagogical principles. Due to the effectiveness of these prompts, Harr et al. 
emphasized the high potential of prompted integration for implementability in teacher 
education—albeit at the expense of time. Contrary to these promising results of integrated 
instruction, Evens et al. (2018) found no differences between integrated and separated 
instruction on the three knowledge facets on the development of PCK in the domain French as 
a foreign language. The authors trace this back to participants being overwhelmed by the 
integrated information, the utilized instruments that did not account for integrated knowledge, 
or their study design with particular focusing on teachers’ PCK.  
However, none of the aforementioned studies addressed all three knowledge facets in 
terms of instruction on a science subject such as biology.  
1.3.2 Diagnostic activities: situation-specific skills for diagnosis 
Teachers’ professional knowledge underlies the application of their situation-specific skills 
that can be described as diagnostic skills within diagnostic contexts (Brunner et al., 2013; 
Hoth et al., 2016). Since the assessment of diagnostic skills requires a situated approach, the 
use of video has become a useful tool to investigate diagnostic processes and corresponding 
situated skills (e.g., Blomberg et al., 2013; Kersting, 2008; Sherin & van Es, 2009) (see 
Section 1.5). However, skills have also been measured by creating lesson plans or by 
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prompting teachers to explicitly explain their planning, enactment, and reflection on a lesson 
within interviews (Alonzo & Kim, 2016; Lee & Luft, 2008).  
Different conceptual approaches exist to investigate situation-specific skills for 
diagnosis. They differentiate steps or phases of the diagnostic process (Herppich et al., 2018; 
Klug et al., 2013), describe different analytical or reflective abilities relevant for assessment 
situations (e.g., Benedict-Chambers & Aram, 2017; Seidel & Stürmer, 2014; van Es & Sherin, 
2002) or connect to constructs such as formative assessment (e.g., Furtak et al., 2016). 
Theoretically, the models can be related to each other since the execution of specific process 
steps is based on the ability to execute the respective process steps. However, for relating 
models, corresponding skills need to be described. Klug et al. (2013) introduced three phases 
of the diagnostic process that teachers undertake cyclically: preactional (involves knowledge 
activation in order to set aims, and recall quality criteria for testing and judgment formation), 
actional (involves systematical enactment, for example, by collecting information, selecting 
and interpreting relevant information, making predictions), and postactional (involves the 
implementation of a pedagogical action that follows the diagnosis, for example, feedback). 
Similar to those phases, Herppich et al. (2018) modeled teachers’ diagnostic process by 
several steps such as the formation of hypothesis or collection of information that are 
connected through different pathways a teacher can take. However, both the model by Klug et 
al. (2013) and the process model by Herppich et al. (2018) lack a precise description of skills 
relevant to succeed in diagnostic situations. Another approach to diagnostic skills builds on 
formative assessment practices. Researchers defined formative assessment as the continuous 
diagnosis “of the individual learning progress and the continuous response to promote 
learning” (Vogt & Schmiemann, 2020, p. 4). In that vein, formative assessment abilities such 
as designing tasks, asking questions, interpreting student ideas, or providing feedback might 
be understood as components of diagnostic competences that influence subject-specific 
instruction (cf. Furtak et al., 2016; Rakoczy et al., 2017). However, the concept of formative 
assessment is not defined precisely yet, nor does research explicitly connect teachers’ 
professional knowledge to formative assessment practice (Herppich et al., 2018).  
A more precise approach was taken by Heitzmann et al. (2019), who transferred 
scientific reasoning skills used for the evaluation of data (cf. Fischer, F. et al., 2014) to the 
diagnostic process. In that vein, the diagnostic process can be seen as an evidence-based 
scientific reasoning process on instruction that involves systematic observations, evidence 
generations and evaluations, and drawing conclusions (Brown et al., 2010). As a result of the 
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transfer, eight diagnostic activities were described that teachers use to identify, interpret, and 
make diagnostic decisions based on noteworthy classroom events (see Table 2). 
The researchers emphasized that there is no specific order of executing diagnostic 
activities, nor is there an obvious relationship between the individual processes (Heitzmann et 
al., 2019; Scheiner, 2016). Thus, the different activities can be seen as a repertoire from which 
appropriate activities are applied depending on the domain and the diagnostic situation. In the 
context of teacher education, the diagnostic activities generating hypothesis, generating 
evidence, evaluating evidence, and drawing conclusions were considered to be particularly 
relevant (Bauer et al., 2020; Wildgans-Lang et al., 2020). Overall, the diagnostic activities are 
considered to be relevant for generating knowledge that is the basis for diagnosing and 
making further decisions (Heitzmann et al., 2019).  
Table 2. Taxonomy of the diagnostic activities according to Heitzmann et al. (2019) and 
Fischer, F. et al. (2014) 
Diagnostic activity Description 
Identifying problems A noteworthy event that may influence student learning is noticed by the 
teacher.  
Questioning The teacher asks questions to find out more about the identified problematic 
incident or its cause. 
Generating hypothesis The teacher generates a hypothesis about possible sources of the identified 
problem.  
Construct or redesign 
artefacts 
The teacher creates content-specific tasks suitable for identifying underlying 
instructional problems or detecting student’s misconceptions.  
Generating evidence Evidence is generated either by the use of a constructed test or a created task 
or through systematic observation and description of the problematic incident.  
Evaluating evidence The teacher assesses the generated evidence regarding its support to a claim or 
theory. They interpret the data, thus making sense of the generated evidence 
with regard to their belief, knowledge, and expertise (cf. Lai & Schildkamp, 
2016).  
Drawing conclusions As a result of the evaluation of evidence, the teacher predicts consequences 




The teacher scrutinizes diagnostic results to colleagues, students, or parents. 
 
Furthermore, analytical abilities for the assessment of classroom situations have been 
studied using different conceptual approaches that have been labeled as PID (including 
perceptual, interpretative, and decision-making skills, cf. Kaiser et al., 2015), teacher noticing 
(van Es & Sherin, 2002), professional vision (Seidel & Stürmer, 2014), or reflective practice 
(Benedict-Chambers & Aram, 2017; Hiebert et al., 2007). Despite differences in the specific 
definitions, the conceptual approaches show considerable overlap, with a predominant focus 
on selective attention and knowledge-based reasoning (Gaudin & Chaliès, 2015). Both of 
these cognitive processes have been described in detail in the professional vision approach. 
Professional vision was first described by Goodwin (1994, p. 606) as “socially organized 
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ways of seeing and understanding events that are answerable to the distinctive interests of a 
particular social group.” In the context of teaching, professional vision can be understood as 
the ability to notice and reason about relevant features of classroom situations based on the 
quality of teachers’ professional knowledge (Seidel & Stürmer, 2014; van Es & Sherin, 2002). 
Noticing that is also termed perception or selective attention refers to whether teachers pay 
attention to events in the classroom that are relevant to learning and corresponding 
instructional quality features as described by teaching effectiveness research (Kaiser et al., 
2015; Seidel & Stürmer, 2014; Sherin & van Es, 2009), for example, perceiving deficient 
student ideas or identifying obstacles to learning in order to even use them for learning if 
necessary. Reasoning refers to sense-making processes of what has been noticed in the 
classroom. Three main aspects of these processes have been distinguished: description, 
explanation, and prediction. In that vein, reasoning can be assumed as follows: First, a 
noticed event is described without any judgments. Based on teachers’ professional 
knowledge, the event is then linked with appropriate concepts and principles that support its 
relevance in terms of student learning and teaching effectiveness, thus, also justifying the 
interpretive stance taken (Seidel & Stürmer, 2014; van Es & Sherin, 2002). And third, 
possible consequences in terms of student learning are predicted in order to inform 
subsequent pedagogical decisions (Seidel & Stürmer, 2014; van Es & Sherin, 2002). These 
pedagogical decisions usually follow professional reasoning and can comprise the 
anticipation of responses to students’ answers or activities, or the proposal of alternative 
teaching strategies (Kaiser et al., 2015; Santagata & Yeh, 2016). However, while professional 
vision is often studied in the context of video-based research, only a few studies have used 
videos to promote decision-making skills (Santagata et al., 2021).  
In the vein of the competence as a continuum model, teachers’ situation-specific skills 
in terms of noticing and reasoning are considered to be knowledge-based since “knowledge 
guides attention processes and reasoning about observed events” (Schäfer & Seidel, 2015, 
p. 38). Since noticing and reasoning show similarities to classroom diagnosis and since the 
aspects description, explanation, and prediction described therein may also be considered as 
activities, the question arises to which extend conceptualizations of situation-specific skills 
such as diagnostic activities and cognitive-psychological constructs such as professional 
vision are comparable or whether they can be transferred (Scheiner, 2016; van Ophuysen & 
Behrmann, 2015).   
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1.3.3 Diagnostic quality in terms of diagnostic accuracy 
The quality of the diagnosis must also be considered an important component of diagnostic 
competences that has predominantly been studied in research on teachers’ judgment accuracy 
(Artelt & Rausch, 2014; Heitzmann et al., 2019; Herppich et al., 2018; Südkamp et al., 2012). 
However, there are approaches in which judgment accuracy has been used as the only 
measure for operationalizing diagnostic competences, although this approach has been 
criticized in recent years (e.g., Praetorius & Südkamp, 2017; Ufer & Leutner, 2017; van 
Ophuysen, 2010). With regard to the situated perspective on diagnostic competences, both the 
processes that lead to diagnostic judgments as well as the individual resources that allow these 
processes must also be taken into account in order to support pre-service teachers in 
developing their competences (Herppich et al., 2018). Therefore, diagnostic accuracy should 
be considered as one component of diagnostic competences that need to be complemented by 
other components such as teachers’ professional knowledge and their diagnostic skills (Artelt 
& Rausch, 2014; Heitzmann et al., 2019).  
In general, the accuracy of teachers’ diagnoses can be assessed by the difference 
between the teacher’s individual judgment and more objective assessments of performance, 
that can be, for example, an expert’s diagnosis or the comparison with implemented 
instructional quality features described in the scientific literature (Artelt & Rausch, 2014; 
Kersting et al., 2012; Schäfer & Seidel, 2015). Judgment accuracy has been assessed in terms 
of diagnosing individuals’ characteristics or task-related characteristics, for example, in the 
context of the simulated classroom, a computer simulation in which the user takes on the role 
of a teacher, interacts with virtual students, and assesses students’ experimentally controlled 
performance (Südkamp et al., 2008). Accuracy indicators included, for example, the 
assessment of students’ performance levels and their ranking (Artelt & Rausch, 2014; Karst et 
al., 2014; Südkamp et al., 2008), the diagnosis of misconceptions (Wildgans-Lang et al., 
2020), or the selection of tasks with an appropriate level of difficulty (Karst et al., 2014; Kron 
et al., 2021; Schrader, 1989).  
Regarding the broader understanding of the concept of diagnostic competences, 
teachers’ ability to correctly diagnose classroom incidents is vital in order to adapt instruction 
effectively (Artelt & Rausch, 2014). Applying accuracy measures to teachers’ diagnostic 
skills can therefore be seen as an important quality criterion that has already been discussed, 
for example, in terms of perception accuracy (Carter et al., 1988). Perception accuracy refers 
to the precise observation of classroom situations and has been studied in terms of expert-
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novice-comparisons (Carter et al., 1988; Kaiser et al., 2015). However, accuracy should also 
be considered for the application of other diagnostic skills, such as diagnostic activities, but 
this has not been investigated sufficiently yet. First attempts to differentiate diagnostic 
accuracy regarding the use of diagnostic activities on different knowledge facets exist, for 
example, in the context of the student inventory. The student inventory is a digital instrument 
to diagnose virtual student exams on the biological topic evolution (Fischer et al., 2021). 
Therein, diagnostic accuracy was assessed for the application of CK (i.e., diagnosis of 
scientific correctness), PCK (i.e., diagnosis of a specific misconception), and PK (i.e., 
diagnosis of achievement-relevant information). However, diagnostic activities themselves 
have not been further operationalized. 
Overall, accuracy measures have intensively been studied with regard to indicators of 
student performance. However, analyses of teachers’ diagnostic accuracy when diagnosing 
instructional features in situated contexts such as a science or biology classroom are missing. 
That may be due to the greater technical effort required when features of instructional quality 
need to be recorded in order to use them in studies on diagnostic competences (cf. Karst et al., 
2014).  
1.4 Relationships between components of diagnostic competences 
Although studies on the components of diagnostic competences are available, they rarely 
consider all three components together. For example, although it is assumed that knowledge 
and specific skills play a role for accurate diagnoses, their interrelationship has not yet been 
systematically studied. In addition, there is a wide variety of conceptual approaches and 
constructs used to operationalize components of diagnostic or assessment competences, 
making a comparison or transfer of results difficult. Table 3 provides an overview of 
constructs that have been utilized to investigate situation-specific skills in the context of 
classroom diagnosis and relevant findings.  
Overall, it becomes apparent that knowledge, skills, and accuracy measures are 
related, but depending on the context, different knowledge facets are of importance. The 
specific knowledge facets, in turn, predict certain skills. For subject-specific aspects of 
diagnosis, content-related facets in terms of CK and especially PCK are considered decisive 
(e.g., Hoth et al., 2016; Kron et al., 2021; Meschede et al., 2017), while for diagnosing 
general pedagogical aspects, PK is important (e.g., König & Kramer, 2016). However, the 
studies also showed that, in most cases, only individual components of diagnostic 
competences were investigated.  
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1.5 Use of videos in teacher education 
For pre-service teachers, the development of a well-founded knowledge base, the ability to 
apply this knowledge in classroom situations relevant for teaching and learning, and effective 
instructional decision-making is challenging (Kaiser et al., 2017; Star & Strickland, 2008). In 
the scientific discourse on the promotion of professional competence, the use of videos is 
highly emphasized, since videos are considered promising to approach real-life demands 
(Kersting, 2008; Seidel & Stürmer, 2014; Star & Strickland, 2008). Moreover, previous 
research results indicate the effectiveness of video-based professional development programs 
with regard to the promotion of pre-service teachers’ situation-specific skills (e.g., Sherin & 
van Es, 2009; Stahnke et al., 2016).  
Currently, videos are being used in a variety of situations and for a variety of purposes 
in teacher education (Blomberg et al., 2013; Darling-Hammond, 2010). Video-based 
programs and tools have been developed that differ, for example, in:  
 
 video type (e.g., whole lesson or video clip, real-life or scripted classroom scenarios),  
 video object (e.g., reflecting on one’s own teaching or other teacher’s practice),  
 participation structure (e.g., view videos individually, in pairs, or in groups),  
 video viewing support (e.g., no instruction or broad prompts, specific questions to be 
answered, assessment of rating scale items), and 
 the way how they achieve learning goals (e.g., show characteristic professional 
situations, best-practice examples, evaluate competencies) (Gaudin & Chaliès, 2015; 
Santagata et al., 2021; Sherin & van Es, 2009).  
 
Recently, the number of developed video-based tools has increased significantly (e.g., Gold & 
Holodynski, 2017; Kaiser et al., 2015; Kersting, 2008; König & Kramer, 2016; Meschede et 
al., 2017; Michalsky, 2014; Piwowar et al., 2018; Seidel et al., 2010; Wiedmann et al., 2019; 
Wiens et al., 2020)
4
. Among other things, the tools were designed for the assessment of 
situation-specific skills such as professional vision. Furthermore, videos have been used to 
create video-based simulations that can be understood as a specific type of video-based tools 
(e.g., Codreanu et al., 2020; Pickal et al., in press). A simulation represents a simplified but 
valid, true and dynamic model of reality implemented in a digital system (Sauvé et al., 2007). 
Thus, video-based simulations allow pre-service teachers to interact with the system, explore 
                                                 
4
 Note that the examples given can only be understood as a selection of tools relevant in the broader context of 
diagnostic competences, since further tools are continuously being developed, validated, and adapted to 
specific topics or domains.  
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it in an inquiry manner, and make decisions, which altogether is intended to enhance 
diagnostic competences (Codreanu et al., 2020; Heitzmann et al., 2019; Sauvé et al., 2007). 
Still, empirical evidence is scarce. However, simulations do not have to be video-based per se. 
There are also simulations in which texts and images are used to create virtual classroom 
situations (e.g., Südkamp et al., 2008), or in which live role-plays are implemented (e.g., Kron 
et al., 2021). In this dissertation, however, the focus is on video-based tools such as video-
based simulations.  
Overall, two overarching objectives of using videos in teacher education can be 
differentiated: (1) Within educational courses, the use of videos is considered beneficial for 
the promotion of knowledge and situation-specific skills such as professional vision or 
diagnostic activities necessary to interpret and reflect on instruction and to derive further 
instructional strategies (Behling et al., 2019; Gaudin & Chaliès, 2015). (2) Within situated 
research approaches, including the investigation of diagnostic competences, using videos is 
beneficial for measuring situation-specific skills such diagnostic activities since they have to 
be applied within very specific contexts, which closely resembles their use in real-life 
classroom situations. Videos thus serve as an approximation of practice (Grossman et al., 
2009). In addition, they can break down complex instructional practice into smaller units, 
which is called decomposition of practice (Grossman et al., 2009). Decomposition of practice 
is considered to reduce the complexity of a specific diagnostic situation, for example, by 
preparing short classroom situations that include selected, noteworthy incidents in teaching 
and learning. This allows adapting to pre-service teachers’ assessment skill level (Codreanu et 
al., 2020).  
For the investigation of pre-service teachers’ diagnostic competences, tools have been 
developed that contained not only real-life videos (e.g., Steffensky et al., 2015) but also 
scripted (staged) classroom scenarios, in which specific challenges relevant for effective 
instructional behavior within the science classroom, and thus, for pre-service teachers’ 
learning, can be embedded and have been experienced as authentic (Codreanu et al., 2020; 
Piwowar et al., 2018). Similar to real-life videos, staged videos can activate pre-service 
teachers’ professional knowledge and skills by the specific context shown in the videos (Hoth 
et al., 2018; Kersting, 2008; Seidel & Stürmer, 2014). When measuring professional 
knowledge and specific skills auch as diagnostic activities, open-ended items that require 
teachers to elaborate on their observations and interpretations (e.g., Kaiser et al., 2015; 
Kersting, 2008), or rating scale items that can be agreed or disagreed with have been used 
(e.g., Meschede et al., 2017; Seidel & Stürmer, 2014). However, researchers underlined 
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higher face validity in terms of an open-ended approach, since the measurement of complex 
cognitive processes, such as those that occur during diagnosing, requires pre-service teachers 
to actually engage in them and make their perspective explicit in their own words (Arffman, 
2016; Kaiser et al., 2015). 
Moreover, staged videos can be designed regarding different foci. The interaction of a 
teacher with a group of students or individual students can be shown in the videos. But the 
observer can also monitor the entire class that is considered more complex (Kersting, 2008; 
König & Kramer, 2016; Tolsdorf & Markic, 2017). Attention may be paid to the instructional 
behavior of a teacher with regard to the treatment of student responses, but the focus may also 
be on instructional quality features that have been proven to impact student learning (cf. 
Kersting et al., 2012; Meschede et al., 2017; see Section 1.1). However, using videos to 
investigate pre-service teachers’ diagnostic competences with regard to dimensions of 
instructional quality has only been considered in few approaches in science education yet 
(e.g., Meschede et al., 2017; Roth et al., 2011). Therefore, the range of contexts and content-
specific domains addressed in video-based tools as well as addressed aspects of instructional 
quality need to be extended in the study of skills such as professional vision or diagnostic 
activities (Helmke & Schrader, 1987; Meschede et al., 2017; Sherin & van Es, 2009).  
1.6 The video-based assessment tool DiKoBi Assess  
Based on the importance of diagnostic competences for teachers and the potential to 
investigate them using video-based tools, the video-based tool DiKoBi Assess was developed 
in the COSIMA project. The implementation of the tool and its different versions in the online 
learning platform Unipark (Questback GmbH, 2018) was done to a large extent in the context 
of this dissertation.   
Overall, three versions of DiKoBi Assess have been created (DiKoBi I Assess, 
DiKoBi II Assess, and DiKoBi III Assess), so that participants do not have to diagnose the 
same lesson if they use DiKoBi Assess more than once. All three versions cover the biological 
topic “skin”, representing an important topic area within science curricula in different school 
types, grades, and nations (e.g., National Research Council, 2012; State Institute of School 
Quality and Educational Research, Munich, 2017). However, each version of DiKoBi Assess 
refers to a different subtopic. The subtopics are “skin as a sensory organ” (addressed in 
DiKoBi I Assess), “protective functions of the skin” (addressed in DiKoBi II Assess), and 
“importance of the skin for the regulation of the body temperature” (addressed in DiKoBi III 
Assess). However, in the studies conducted in the context of this dissertation, only the 
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versions DiKoBi I Assess and DiKoBi II Assess have been utilized. Even though the different 
versions differ in terms of their content, the subject-specific dimensions and features of 
instructional quality addressed therein are the same as they can be applied to different 
contents. Since the structure of the tool is therefore the same in all versions, only the label 
DiKoBi Assess is used in the following description of the tool’s structure.  
The development of DiKoBi Assess was based on subject-specific instructional quality 
features that teachers should be able to identify and implement in biology instruction to 
improve student achievement. Based on a literature review and with reference to previous 
research results, several biology-specific dimensions of instructional quality were identified, 
which can be described by different features of instructional quality (see Table 1 in 
Section 1.1). Based on these dimensions, six classroom situations were scripted and video-
taped, in which a teacher implemented corresponding instructional quality features in a 
deficient way or not at all. The missing features are therefore also referred to as subject-
specific challenges that are to be diagnosed. Figure 3 gives an overview of the videotaped 
classroom situations, the instructional quality dimensions and the challenges included.  
 
 
Figure 3. Overview of classroom situations embedded in DiKoBi Assess, their underlying 
subject-specific dimensions of instructional quality, and included subject-specific challenges 
that are based on specific instructional quality features. This structure is the same for all 
versions of DiKoBi Assess.  
 
The six videotaped classroom situations are embedded in DiKoBi Assess in such a 
way that they follow the course of a lesson, with classroom situation (1) Activation of prior 
knowledge/ideas and creation of situational interest representing the beginning of the lesson 
and classroom situation (6) summary/transfer of knowledge representing the final transfer 
phase (cf. Dorfner, Förtsch, Spangler et al., 2019). The classroom situations (2), (3), (4), and 
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(5) represent different elaboration phases within one lesson. This simulation of the course of a 
lesson is intended to increase the authenticity of the diagnostic situation by simulating a real 
observation situation of biology instruction. However, each of the videotaped classroom 
situations represents a self-contained instructional situation that can be assessed 
independently of the other classroom situations as well.  
Moreover, the diagnostic process is structured by three tasks that are the same for all 
classroom situations (see Appendix A for an example). Each of the three tasks intends to 
measure another diagnostic activity. Based on activities that have been highlighted and 
utilized in video-based research on diagnostic competences (see Section 1.3.2, cf. Bauer et al., 
2020; Kaiser et al., 2015; Seidel & Stürmer, 2014), the diagnostic activities generating 
evidence, evaluating evidence, and drawing conclusions are considered particularly relevant 
in the context of diagnosing instructional quality. Therefore, the three tasks are as follows: 
First, the videotaped classroom situation is to be observed, and subject-specific challenges of 
biology instruction are to be described (Task Describe). Therefore, Task Describe refers to 
the diagnostic activity generating evidence. Second, the relevance of the observations 
described has to be justified with reference to didactical theories or subject-specific concepts 
(Task Explain). Therefore, Task Explain refers to the diagnostic activity evaluating evidence. 
Third, based on the critical observations, alternative teaching strategies are to be proposed 
(Task Alternative Strategy). The third task, therefore, refers to the diagnostic activity drawing 
conclusions.  
In addition, the data to be collected that refers to the diagnostic activity generating 
evidence will also be used to measure diagnostic accuracy. For a high accuracy measure, the 
corresponding biology-specific challenges of the respective classroom situations must be 
addressed in the participants’ answers. This approach corresponds to the concept of 
perception accuracy as described in Section 1.3.3 (cf. Carter et al., 1988; Kaiser et al., 2015).  
Overall, DiKoBi Assess is intended to measure components of diagnostic competences 
in terms of diagnostic accuracy and the diagnostic activities generating evidence, evaluating 
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2. Aims 
The video-based tool DiKoBi Assess serves as a core element for investigating the diagnostic 
competences of pre-service biology teachers. In DiKoBi Assess, the diagnostic focus lies on 
the instructional behavior of a biology teacher and the resulting instructional quality features. 
Previous tools lack such a diagnostic focus, although this focus is considered to be important 
for the implementation of diagnostic quality and student learning. Therefore, a need for 
research in this regard exist (Meschede et al., 2017). The validation of DiKoBi Assess is still 
pending. With regard to the COSIMA framework (see Section 1.3), the analyses in this 
dissertation will also provide data for the evaluation of the framework components video-/ 
simulation-based tool, diagnostic competences, and instructional support (Heitzmann et al., 
2019; Chernikova et al., in press). 
As the theoretical introduction has highlighted, there are various constructs that have 
been used to operationalize diagnostic competences and their components. In part, these 
constructs show striking similarities to more analytical constructs such as professional vision, 
which is well-established in video-based research on teachers’ professional competence 
(Goodwin, 1994; Seidel & Stürmer, 2014; Sherin & van Es, 2009). Thus, the question can be 
asked to what extent different constructs are transferable. Another question concerns the three 
components of diagnostic competences. It is important to know how these three components 
are interrelated to identify factors that teacher education can address in order to improve 
diagnostic competences of future teachers. To date, research approaches that consider the 
components altogether have hardly been pursued (Ohle & McElvany, 2015; see also Table 3). 
That further leads to the question of suitable instructional interventions that can be used to 
promote components of diagnostic competences. Teachers’ professional knowledge is a 
crucial component, which has been emphasized many times in expertise research (e.g., 
Baumert et al., 2010; Fischer et al., 2012; Förtsch et al., 2016). Instructional support such as 
text-based interventions or lectures should consequently be effective with respect to 
knowledge development. Therefore, this dissertation investigates these instructional 
approaches (text-based intervention, lectures) to address debates about the effects of 
integrated instruction on the knowledge facets. By now, integrated instruction has been 
studied almost exclusively in the context of computer-based intervention studies (e.g., Evens 
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Therefore, the aims of this dissertation were:  
 
1. … the validation of the video-based tool DiKoBi Assess that offered subject-
specific challenges of biology instruction (i.e., content of the videos), including a 
whole-class perspective and addressing several subject-specific features of 
instructional quality. The validation referred to the content of the videos and the 
tasks used. As a second part of the validation, the construct of diagnostic activities, 
important for the analysis of components of diagnostic competences, was 
compared with the construct of professional vision.  
The first aim was addressed within Publication I and Publication II.   
2. … the investigation of the relationships between the components professional 
knowledge, diagnostic activities, and diagnostic accuracy that constitute diagnostic 
competences according to the COSIMA framework.  
The second aim was addressed within Publication III.  
3. … the analysis of the effects of different types of instructional support on the 
components of diagnostic competences. Of particular interest is the investigation 
of the effects of instructional support provided by a lecturer and via texts on the 
professional knowledge base. 
The third aim was addressed within Manuscript I and Manuscript II.  
 
In Figure 4, an overview of the main aims is given. 
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Figure 4. Overview of the main aims of this dissertation.  
 
All three aims were addressed within the DFG-funded project COSIMA by 
developing, conducting, and analyzing three studies. Data for the validation process (cf. 
1
st
 aim), including the comparison of the constructs diagnostic activities and professional 
vision, was collected through a validation study with five in-service biology teachers (see 
Publication I and Publication II). Data for addressing the 2
nd
 and the 3
rd
 aim was collected 
with two main studies (see Figure 5). Study 1 was conducted with N = 90 pre-service biology 
teachers, Study 2 with N = 103 pre-service biology teachers. Both main studies were 
embedded within regular courses at the biology education of the LMU Munich. Data from the 
two studies were then considered in three separate analyses: For a cross-sectional analysis, 
data from both the pre-test of Study 1 and the pre-test of Study 2 were used (see 
Publication III). Subsequently, both pre- and post-test data from Study 1 and from Study 2 
were analyzed separately. Manuscript I refers to the analysis of Study 2. Manuscript II refers 
to the analysis of Study 1. Within each publication/manuscript, an appropriate subsample was 
used depending on the goal of the analysis. Therefore, the sample number may differ from the 
total number of data used in the individual publications. Figure 5 gives an overview of the 
design of the studies.  
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Figure 5. Design of the studies. In addition to Studies 1 and 2, a cross-sectional analysis was 
conducted with the pre-data from both main studies. 
 
In both main studies, components of diagnostic competences were measured in a pre-
post design. Professional knowledge was assessed with paper-pencil tests, diagnostic 
activities and diagnostic accuracy were assessed with the versions DiKoBi I Assess and 
DiKoBi II Assess of the video-based tool. Paper-pencil tests for measuring PCK and CK were 
adapted versions of the professional knowledge tests utilized in the ProwiN project, which 
proved to be valid (Jüttner et al., 2013; Jüttner & Neuhaus, 2013). The PCK and CK tests 
were adapted to the topic of skin since this was the topic that was also covered in the video-
based assessment tool DiKoBi Assess. The paper-pencil test for measuring pre-service 
teachers’ PK originated from the BilWiss project and was an adapted version of the short 
scale of the dimension instruction (Kunina-Habenicht et al., 2020; Kunter et al., 2014). This 
dimension covered generic characteristics of instructional quality with regard to the three 
basic dimensions classroom management, supportive climate, and cognitive activation, and 
was thus consistent with the theoretical considerations of the PK construct underlying the 
main studies (see Sections 1.1 and 1.3.1.1).  
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For the analysis of the professional knowledge tests, coding manuals were used by two 
independent raters. For analyzing diagnostic activities and diagnostic accuracy, a 
comprehensive coding manual was developed and used by three independent raters. As the 
coding manual was developed based on current literature, and all raters were trained and took 
part in regular discussions on complex coding cases, a valid measurement of diagnostic 
activities and diagnostic accuracy can be concluded (Arffman, 2016). Final results of two-way 
random intra-class correlations (ICCabsolute) showed a high agreement between the raters for 
both the professional knowledge tests and diagnostic activities/diagnostic accuracy (cf. Wirtz 
& Caspar, 2002). Additionally, fit indices of all measurement instruments indicated a reliable 
and objective measurement (cf. Bond & Fox, 2007; Boone et al., 2014; Boone & Staver, 
2020; Wirtz & Caspar, 2002). Intra-class correlations and fit indices are reported in 
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3. Results 
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Abstract 
For successful classroom instruction, teachers require a well-founded knowledge base 
consisting of the three knowledge facets pedagogical-psychological knowledge (PK), content 
knowledge (CK), and pedagogical content knowledge (PCK). However, there is not yet 
clarity about the circumstances and instructional pathways through which teachers can best 
develop these knowledge facets. In an experimental study (N = 188 pre-service biology 
teachers), we investigated the effects of separated instruction (knowledge facets were treated 
successively without linking) or integrated instruction (knowledge facets were presented in an 
interrelated way) in comparison to a control group that received no instruction for knowledge 
acquisition. Both pathways of instruction were provided by a lecturer on the curricular topic 
of senses and sensory organs, exemplified for the topic skin. Results point to the effectiveness 
of both ways of instruction in terms of knowledge increase for CK and PCK. However, 
descriptive results indicated that separated instruction was more effective for CK, but 
integrated instruction was more effective for PCK. No effects for PK could be found, possibly 
due to a ceiling effect. Overall, our results showed that instruction of CK within separate 
university courses can still be considered fruitful, while in terms of PCK more attention 
should be paid to integration.  
 
Keywords: teacher education, science education, pedagogical content knowledge, 
instructional design, teacher professional knowledge.  
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Integrating or not-integrating – that is the question. Effects of integrated instruction on 
the development of pre-service biology teachers’ professional knowledge 
 
1 Introduction 
Teacher education programs support pre-service teachers in acquiring professional knowledge 
that is fundamental for high-quality instruction (Baumert et al., 2010; Keller et al., 2017). 
Direct instructional guidance is one way to support knowledge acquisition and is therefore an 
important element of lectures or seminars that pre-service teachers attend at university. Direct 
instructional guidance can be understood as „providing information that fully explains the 
concepts and procedures that students are required to learn as well as learning strategy support 
that is compatible with human cognitive architecture” (Kirschner et al., 2006, p. 75). Concepts 
and procedures that pre-service teachers have to know about for powerful teaching mainly 
relate to three different facets of professional knowledge. These facets cover knowledge of 
subject-specific core ideas (content knowledge or CK), knowledge of subject-specific 
strategies to make subject-specific core ideas and content accessible for students (pedagogical 
content knowledge or PCK), and knowledge of general pedagogical-psychological principles 
and methods (pedagogical-psychological knowledge or PK) (Baumert & Kunter, 2013a; 
Shulman, 1987; Voss et al., 2011). Although there is evidence that linking and cross-
referencing between knowledge facets is crucial for their retrievability and applicability, the 
knowledge facets are mainly addressed within separate university courses that rarely connect 
content and pedagogy (Harr et al., 2015; König et al., 2018; Renkl et al., 1996; Tröbst et al., 
2019). For example, pre-service biology teacher attend courses in pedagogy, in which they are 
instructed in general teaching methods and strategies for classroom management (Voss et al., 
2011). In courses of the discipline biology, pre-service teachers then acquire knowledge about 
specific biological topics (e.g., about the skin and its structure); whereas within didactical 
courses they get to know, for example, core ideas such as structure and function, and how to 
implement them in biology instruction (National Research Council, 2012; Sekretariat der 
Ständigen Konferenz der Kultusminister der Länderin der Bundesrepublik Deutschland 
[KMK], 2005). Pre-service teachers also get to know strategies for how to deal with student 
ideas and how to plan concept-oriented lessons that can all be considered as part of teachers’ 
PCK. The integration of information from the three knowledge facets is largely the pre-
service teachers’ own task. In other words, how to deal with student ideas about the skin and 
its structure, and how to use scientific core ideas to foster students understanding of the 
specific content is rarely explicitly addressed. Since this task creates considerable difficulties 
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and is hardly achieved successfully, researchers call for an integration of knowledge facets 
within teacher education, which makes the transformation into effective classroom instruction 
more likely (Ball, 2000; Kleickmann et al., 2017; Renkl et al., 1996; Tröbst et al., 2019). 
Studies focusing on the effects of integrated instruction in university courses, which consider 
all three knowledge facets for instructional input and as outcome measure, have hardly been 
conducted so far. To decide when and under which circumstances integration is appropriate, 
more empirical data from different domains is needed. 
Therefore, the present study experimentally compared the effects of instructing all 
three knowledge facets, PK, CK, and PCK, in a separated or integrated way. The separated 
condition treats aspects of PK, CK, and PCK successively without linking and cross-
referencing content, as it is usually done in university teacher education (Harr et al., 2014; 
König et al., 2018). In the integrated condition, a lesson planning model was used to structure 
instruction. For each phase of the planning model, corresponding aspects of all three 
knowledge facets were then presented in an interrelated way. Both conditions received direct 
instructional guidance of the knowledge facets through a lecturer. Thus, the chosen 
instructional approach allows at the same time a very practical investigation of the effects of 
integrated instruction since teacher training programs often include courses guided by a 
lecturer (Tröbst et al., 2019). Therefore, especially for designing teacher education programs, 
the present study is of great practical use as well. 
 
1.1 Professional knowledge as part of teachers’ professional competence 
Teachers’ professional competence describes how teachers, depending on cognitive and 
affective-motivational dispositions, apply specific skills in specific situations to inform their 
actions. The understanding of competence described therein is represented in the competence-
as-a-continuum model (Blömeke et al., 2015), which can be applied to different contexts such 
as lesson planning, instructing, reflecting on instruction, or diagnosing. The integration of 
professional knowledge facets that are part of teachers’ cognitive dispositions counts as an 
important key process within the varying contexts in order to act effectively (Brunner et al., 
2013; Heitzmann et al., 2019).  
The importance of teachers‘ professional knowledge for instructional quality and student 
outcomes is empirically well-proven (Baumert et al., 2010; Fischer et al., 2012; Förtsch et al., 
2016; Kunter et al., 2013). With regard to the subject and specific contextual and situational 
demands, different facets of professional knowledge have been distinguished on the basis of 
Shulman (1987). The common ground is that teachers need pedagogical-psychological 
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knowledge (PK), content knowledge (CK), and pedagogical content knowledge (PCK) during 
instruction (Baumert et al., 2010; Shulman, 1986, 1987; Voss & Kunter, 2013). Pedagogical-
psychological knowledge (PK) is considered generic and independent from a specific subject, 
and has been conceptualized slightly differently. Whereas Voss et al. (2011) included 
knowledge about classroom processes and students’ heterogeneity in their conceptualization 
of PK, König et al. (2014) considered knowledge about generic theories and methods of 
instruction and learning as well as of classroom management as essential for their 
conceptualization. In addition, classroom analyses offer a further perspective on PK. Research 
on instructional quality has identified three basic dimensions of instructional quality that 
occur more or less across domains: classroom management, supportive climate, and cognitive 
activation. Classroom management refers both to the structure and organization of instruction 
and to the management of students’ behavior (Klieme et al., 2001; Praetorius et al., 2018; 
Schlesinger & Jentsch, 2016). Supportive climate (also often referred to as learning support) 
refers to the creation of a positive learning atmosphere in the classroom. It is characterized by 
a caring attitude of the teacher, a positive teacher-student relationship and other forms of 
support such as constructive feedback (Klieme et al., 2001; Lipowsky et al., 2009; Praetorius 
et al., 2018). Cognitive activation requires instruction that builds on students’ prior 
knowledge and ideas, that uses challenging problems and questions to stimulate cognitive 
conflicts, that foster students’ engagement in higher-level thinking and thus their in-depth 
elaboration of content, as well as students’ active participation in classroom discourse 
(Baumert et al., 2010; Förtsch et al., 2017; Lipowsky et al., 2009). However, since many of 
the characteristics of cognitive activation have to be applied within subject-specific contexts, 
the operationalization of this basic dimension differs largely between studies due to content-
specific issues of the study subject (Schlesinger & Jentsch, 2016). Furthermore, research 
findings revealed that “classroom management and supportive climate could be interpreted as 
basic conditions, which have to be established before implementing cognitively activating 
strategies of instruction” (Dorfner et al., 2018, p. 49). Thus, cognitive activation is more 
related to knowledge of subject matter (CK and PCK) (Baumert & Kunter, 2013b). In 
conclusion, knowledge about the basic dimensions classroom management and supportive 
climate as well as about corresponding strategies on how do deal with these dimensions, are 
important to create learning opportunities and an effective learning atmosphere in which 
pedagogical strategies and methods can be applied and adapted to student heterogeneity (cf. 
König & Kramer, 2016; Kunter et al., 2007). Applying PK in instruction can therefore also be 
seen as implementing the basic dimensions in instruction.  
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Furthermore, when teaching a subject, teachers need knowledge of subject matter. 
Professional knowledge referring to the understanding of subject-specific methods and core 
concepts is called content knowledge (CK) (Ball et al., 2008; Gess-Newsome, 2015). The 
knowledge that is necessary to make this content available for a particular group of students is 
referred to as pedagogical content knowledge (PCK), including aspects of content and 
pedagogy (Gess-Newsome, 2015; Shulman, 1987). Although conceptualizations of PCK 
differ, they all emphasized knowledge about subject-specific instruction and a student-related 
perspective as essential. Therefore, important components of PCK are knowledge about 
students’ (mis)conceptions, as well as knowledge about subject-specific structures of 
instruction and corresponding teaching strategies (Depaepe et al., 2013; Park & Oliver, 2008; 
Schmelzing et al., 2013). With regard to subject-specific instructional quality (assessed 
through instructional quality features such as cognitive activation) and student achievement, 
researchers assumed teachers’ subject-specific knowledge facets PCK and CK to be relevant 
(e.g., Kunter et al., 2013). While no direct effects of CK on cognitive activation have been 
found, there is evidence of the connectedness between CK and PCK (e.g., Krauss et al., 2008; 
Liepertz & Borowski, 2019). In contrast, PCK was shown to be highly predictive for 
instructional quality and students’ achievement (Depaepe et al., 2013; Kulgemeyer et al., 
2020; Schmelzing et al., 2013). An indirect effect of teachers’ PCK on students’ achievement 
mediated by cognitive activation was found, for example, in biology and mathematics 
education (Förtsch et al., 2016; Kunter et al., 2013). While there are conceptualizations in 
which both CK and PCK are included as subject-specific knowledge for teaching (e.g., Ball et 
al., 2008; Hill et al., 2008; Kersting et al., 2010), other researchers developed instruments for 
a separate measurement of the knowledge facets (e.g., Jüttner et al., 2013). Results from the 
COACTIV project (Cognitive Activation in the Mathematics Classroom and Professional 
Competence of Teachers) led to the conclusion that CK and PCK exist as two overlapping but 
distinct facets (Krauss et al., 2013). However, within the ProwiN project (Professional 
Knowledge of Teachers in Science) CK and PCK did not correlate significantly, and thus, 
could be measured independently (Förtsch et al., 2016).  
When measuring professional knowledge, declarative (knowledge related to facts, 
terms and principles) and action-related knowledge (knowledge about actions, manipulations, 
or procedures, as well as knowledge about when and why to apply these procedures in order 
to foster student learning) is mostly addressed in the form of paper-pencil tests including short 
answer or multiple-choice formats (Förtsch et al., 2018; Harr et al., 2014). While paper-pencil 
tests, mainly used within quantitative approaches, are connected to a more cognitive 
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perspective on professional knowledge, there are also approaches to study teachers’ 
professional knowledge from a situated perspective (Depaepe et al., 2013). Within the 
situated perspective, professional knowledge can also be understood as dynamic knowledge in 
action (Alonzo & Kim, 2016). Consequently, knowledge should be captured within specific 
contexts that are closer to practice. That can be done, for example, with text or video vignettes 
in which authentic teaching situations are presented (Cauet et al., 2015; Hoth et al., 2018). 
Observations or subsequent interviews can then provide insights into the teachers’ knowledge. 
However, this is usually realized within qualitative approaches (cf. Alonzo & Kim, 2018). 
The distinction between cognitive and situated perspectives is also displayed within recent 
models such as the Refined Consensus Model that depicts teachers’ professional knowledge 
in terms of the facets PK, CK, and PCK within the science classroom, but also takes different 
forms of PCK into account (Carlson et al., 2019). One form of PCK describes a kind of 
canonical knowledge that professionals of a discipline share, and that is taught in university 
courses (collective PCK). This form differs, however, from the personal knowledge (personal 
PCK) that each pre-service teacher holds. Researchers assume that personal PCK develops 
based on the knowledge that is taught and the persons’ individual experiences within the 
classroom. The third form of PCK refers to the knowledge that “teachers draw on in the 
moment of action, where the action may include planning, teaching, or reflecting on teaching” 
(Alonzo et al., 2019, p. 273) and is therefore referred to as enacted PCK. Whereas collective 
and personal PCK represent more static forms of PCK, and thus, are similar to the cognitive 
perspective, enacted PCK is more adaptive and connected to a specific classroom situation. 
Thus, ePCK is related to the study of knowledge and skills from the situated perspective 
(Alonzo et al., 2019). Eventually, both perspectives are important as they complement each 
other and offer opportunities to study teacher professional knowledge more holistically 
(Evens et al., 2018).  
Although we are aware of the advantage and necessity of considering both 
perspectives, the present study focuses more on the cognitive perspective on teacher 
professional knowledge that enables us to investigate professional knowledge quantitatively, 
thus, increasing the generalizability of the results.  
1.2 Development of professional knowledge in teacher education 
The education of pre-service teachers is based on curricula, in which the three knowledge 
facets CK, PK and PCK are largely treated separately in seminars and lectures (Ball, 2000; 
Harr et al., 2014). On the basis of research findings from recent years, however, scientists are 
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increasingly calling for an integrated presentation of knowledge facets, in which 
corresponding knowledge components are addressed together, which is assumed to improve 
knowledge retrievability and application in practice (Evens et al., 2018; Tröbst et al., 2019). A 
reason for this claim is the existing relationship between the knowledge facets. For example, 
CK and PK have been identified as components of PCK, but solely addressing CK and PK is 
not sufficient to develop PCK (e.g., Kind & Chan, 2019; Kleickmann et al., 2017; König et 
al., 2016). Furthermore, explicitly addressing PCK has also proven to be effective for the 
development of PCK (Tröbst et al., 2019). Regarding the relationship between CK and PCK, 
researchers emphasized that CK is considered a necessary but not sufficient condition for the 
development of PCK (Baumert & Kunter, 2013b; Fischer et al., 2012). In addition, other 
study results showed that PK is related to the instruction of specific PCK content (König et 
al., 2018), which also emphasizes the importance of PK in the overall knowledge 
development process. Furthermore, learning and retaining knowledge is considered more 
effective when link-making processes between new and existing ideas take place (Scott et al., 
2011; Wadouh et al., 2014). Link-making can also take place in the sense that general 
pedagogical principles are explicitly related to subject-specific characteristics when new 
content is presented. In other words, link-making between PK, PCK and CK should be given 
much more focus. Thus, researchers pointed out that the separate presentation of the 
knowledge facets might not be the most powerful way to develop teacher professional 
knowledge (Evens et al., 2018; Tröbst et al., 2019).  
Studies investigating the effects of an integrated presentation of the knowledge facets 
have already shown positive effects when using direct instructional guidance within 
computer-based learning environments. When creating lesson plans, an integrated 
instructional support (content and pedagogical information were linked) was more effective 
than a separate support (elaborate information about pedagogy and content were received 
separately) in terms of PCK-related justifications and the quality of PCK in lesson plans 
(Janssen & Lazonder, 2016). However, the authors did not include instruction on PCK as a 
treatment condition but only looked at PCK as an outcome variable. Harr et al. (2014) 
developed computer-based learning environments on mathematics, and compared the effect of 
an integrated or segregated presentation of PCK and PK on pre-service teachers’ PCK and 
PK. “Integrated” meant that participants worked on one learning environment, in which PK 
and PCK aspects were treated interrelated. In contrast, in the “segregated” condition, 
participants worked on two learning environments, each focusing solely on either PCK or PK 
aspects. The results showed high effectiveness of the integrated learning environment “in 
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increasing the application of PK aspects by pre-service teachers […] [as well as in increasing] 
simultaneous application of both PCK and PK when solving a particular case from teaching 
practice” (Harr et al., 2014, p. 7). However, effects on the application of PCK aspects did not 
significantly differ between the integrated and the segregated condition. Furthermore, for the 
segregated condition, they varied the sequence of the learning environments, but found no 
sequencing effects (Harr et al., 2014). As a consequence of these results, those responsible in 
teacher education should think about how to restructure university curricula in order to allow 
for an integrated presentation of knowledge facets. However, since restructuring curricula that 
have a long tradition might be challenging and long-winded, other ways of more integration 
and linking of the knowledge facets have to be found. In this vein, Harr et al. (2015) used the 
same methodology again but added another condition (“prompted integration”) to analyze the 
effects of prompting pre-service teachers to integrate knowledge facets by themselves. After 
presenting PK and PCK separately, participants had to process prompts that asked, for 
example, for a connection of content topics and pedagogical principles, and were presented on 
additional slides to trigger mental integration. Results showed that the prompted integration 
was as effective as the provided integration from their first study, but at the expense of time 
(Harr et al., 2014, 2015). Nevertheless, considering feasibility for implementation in teacher 
education, the focus on a prompted integration might be one way to facilitate the development 
of pre-service teachers’ professional knowledge.  
While the previous studies examined only two of the three knowledge facets, Evens et 
al. (2018) included all three knowledge facets in their study. Situated within the subject of 
French as a foreign language, one question they investigated was whether a learning 
environment in which PCK, PK, and CK are integrated is more effective for PCK 
development than a learning environment in which PCK, PK and CK are segregated. Five 
conditions (four experimental groups and one control group) differed in the knowledge facets 
that were presented, and in the way the knowledge facets were integrated. In contrast to Harr 
et al. (2014, 2015), Evens et al. (2018) found no significant differences between integrated 
and separated instruction. In both conditions, PCK increased moderately. However, whether 
both groups can equally apply their knowledge to the processing of practical examples was 
not investigated. Furthermore, results of the study support previous findings on the 
importance of explicit instruction on PCK for the development of subject-specific knowledge. 
The authors also emphasized that the instruction of all three knowledge facets might then be 
expedient “if teacher education aims at promoting not only teachers’ PCK, but also their PK 
and CK” (Evens et al., 2018, p. 253). Therefore, addressing different knowledge facets and 
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connecting them can still be considered appropriate to develop pre-service teachers’ 
professional knowledge holistically. 
1.3 The present study 
For the present study
1
, we investigated the effects of both a separated and an integrated 
presentation of general pedagogical-psychological aspects of PK as well as aspects of the 
subject-specific knowledge facets CK and PCK (in terms of the subject biology). Earlier 
findings already indicated beneficial effects for PK and PCK when information was provided 
in an integrated way (e.g., Harr et al., 2014, 2015; Janssen & Lazonder, 2016) using 
computer-based learning environments in which the knowledge facets were differently 
presented (e.g., Evens et al., 2018; Harr et al., 2014, 2015; Janssen & Lazonder, 2016). To go 
beyond these earlier findings and to close gaps concerning the investigation of knowledge 
development, the present study adds value concerning two points. First, we included all three 
knowledge facets in our study, and we examined possible effects for PCK, as well as for CK 
and PK. Second, we used a different methodological approach, which reflects common 
practice at universities: direct instructional guidance provided by a lecturer. A glance at 
university education shows that this way of supporting knowledge acquisition makes up a 
great deal in lectures and seminars as a common form of university courses.  
 
Therefore, the main research question of the present study is: Are there differences in 
the effectiveness of a separated or an integrated instruction on the development of pre-service 
teachers’ professional knowledge facets (PK, CK, and PCK)?  
 
We assume that integrated instruction might be more effective for PK development 
than separated instruction since previous findings indicated higher applicability of PK aspects 
when knowledge facets were acquired in an integrated way (Harr et al., 2014). However, there 
is also the possibility of deriving pedagogical principles from specific examples from the field 
of PCK, thus, enhancing PK within sequential instruction as well (König et al., 2018; Tröbst 
et al., 2019).  
                                                 
1
 The study, presented in this article, represents a sub-analysis of the database that was collected as part of a 
larger study. The original study focused on the impact of integrated/separated instruction of the knowledge 
facets on pre-service teachers’ professional knowledge and their diagnostic competences. In order to address 
the questions raised in the theoretical section, however, the present analysis focuses only on the effects of an 
integrated/separated instruction on professional knowledge. To avoid misunderstanding, the original study is 
referred to as “original study”, whereas the present sub-analysis is referred to as “the present study” or “sub-
analysis”. 
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For CK, we consider the separated instruction to be more effective. CK is considered 
an important basis for the development of PCK. Thus, a deeper understanding of content-
specific concepts and processes is the basis on which subject-specific content can adequately 
be prepared for students (cf. Ball et al., 2008; Krauss et al., 2008). Focusing solely on CK 
within instruction might help to strengthen CK without distractions.  
Furthermore, since PCK contains aspects of CK and PK, we assume that the integrated 
instruction is more effective for the development of PCK than the sequential instruction. Our 
assumption is based on previous research results indicating the importance of PK and 
especially CK for the development of PCK (Kleickmann et al., 2017; Krauss et al., 2008; 
Schneider & Plasman, 2011). We assume that in the integrated instruction, two effects may be 
important: First, the interaction of PK and CK for the development of PCK, and the explicit 
instruction of PCK itself (cf. Tröbst et al., 2019).  
2 Materials and Methods  
To completely reflect the methodology of the present study, the design of the original study is 
presented below. In the original study, we used two kinds of measuring instruments: paper-
pencil tests to measure the knowledge facets and a video-based assessment tool to measure 
components of diagnostic competences. Since the video-based tool presented real-life 
classroom situations, we took the classroom context into account that is considered to play an 
important role when teachers have to apply their knowledge (Evens et al., 2018). Thus, 
measuring professional knowledge was based on the cognitive perspective, whereas 
measuring diagnostic competences was based on the situated perspective (cf. Hoth et al., 
2016). However, since the video-based assessment tool was not part of this sub-analysis, 
further information on the video-based assessment tool is reported in Kramer et al. (2020).  
The original study focused on the topic of senses and sensory organs, which represents 
an important topic area within science curricula in different school types and grades (e.g., 
National Research Council, 2012; State Institute of School Quality and Educational Research, 
Munich, 2017). The topic area was exemplified for the particular topic “skin” including 
information on skin as a sensory organ, protective functions of the skin, and the importance of 
the skin for the regulation of the body temperature. The content was differentiated in such a 
way that aspects of the content were of practical relevance for prospective primary school 
teachers as well as for prospective secondary school teachers in accordance with science 
curricula (for more information, see Kramer et al., 2020). 
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2.1 Design and sample  
The study had an experimental design and was embedded in a regular seminar held once a 
week. The seminar is attended by pre-service biology teachers at the beginning of their 
teacher education. In the seminar, pre-service teachers acquire knowledge about subject-
specific theories and concepts for biology instruction. The study was conducted over two 
weeks in May 2019, with pre-testing and post-testing during the regular seminar time. The 
intervention was shifted to the weekend in between. Both pre- and post-tests took 50 minutes 
and included three paper-pencil tests each (see Figure 1). Thus, each knowledge facet was 
measured with a separate paper-pencil test, which was the same in pre- and post-test. 
Additionally, a video-based assessment tool was used to measure pre-service teachers’ 
diagnostic competences in the pre- and post-test. However, measurements of the assessment 
tool were not considered for the present sub-analysis. For the intervention, pre-service 
teachers were randomly assigned to three different treatments. In treatment 1 and 2, a 
professional lecturer (first author of the article) gave three lectures on declarative and action-
related aspects of PK, CK, and PCK relevant for the biological topic “skin”. Each lecture took 
90 minutes. During instruction, the different knowledge facets were addressed either in a 
separated or in an integrated way (see section description of the treatments). Pre-service 
teachers in treatment 3 (control group) did not receive any instruction. They only completed 
the pre- and the post-test. Informed consent documents stating an anonymous and voluntary 
participation were signed by all participants. The ethics committee of the Faculty of 
Psychology and Education of the LMU Munich approved the study in advance. 
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Figure 1. Design of the study. Measurements that were not considered in the present sub-
analysis are framed with dashed lines.  
 
 
The sample consisted of 118 pre-service biology teachers (66.9 % female; average 
study semester: M = 3.02, SD = 1.20; age in years: M = 22.65, SD = 3.49). 32.2 % of the pre-
service teachers attended the academic track of teacher education, qualifying them for future 
teaching at German secondary schools (“Gymnasium”); 67.8 % attended programs for the 
non-academic track that qualifies students for vocational career. For an overview of the 
German school system, see Cortina and Thames (2013). Table 1 shows how the 118 
participants were distributed among the three treatments. There was no statistically significant 
difference in age (F(2,114) = 2.78, p = .07), or percentage of pre-service teachers attending 
academic track (F(2,115) = .53, p = .59). They also did not statistically differ in their 
knowledge at the pre-test: PKpre (F(2,115) = .05, p = .96), CKpre (F(2,115) = .03, p = .97), 
PCKpre (F(2,115) = .87, p = .42). However, a statistically significant difference was found in 
study semester (F(2,115) = 3.94, p = .02) between treatment 3 (control group) and treatment 2 
(integrated instruction) as assessed by Tukey-HSD (mean difference control group-integrated 
instruction = .74, p = .02). 
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Table 1. Overview of pre-service teachers’ background characteristics within the treatments 
(Ntotal = 118). The mean value was given for age in years and study semester. 
 Treatment 
 1  separated instruction 
on the knowledge facets 
PK, CK, PCK  
2  integrated instruction 
on the knowledge facets 
PK, CK, PCK 





42 (29) 40 (25) 36 (25) 



















academic track (%) 
35.7 25.0 36.1 
 
2.2 Description of the treatments  
Pre-service teachers were randomly assigned to one out of three treatments: separated 
instruction (treatment 1), integrated instruction (treatment 2), or no instruction/control group 
(treatment 3). The intervention was held on a weekend, containing three 90-minutes lasting 
lectures for treatment 1 on the weekend’s Saturday, and three 90-minutes lasting lectures for 
treatment 2 on Sunday. On both days of the weekend, the intervention was held by the same 
lecturer to reduce potential confounding effects. In addition, the lecturer, who was the first 
author of the article, prepared scripts to ensure that the overall content was kept constant in 
both treatments. Scripts were based on a review of the relevant literature and state-of-the-art 
research results of each knowledge facet with respect to the specific topic “skin”. After 
intensive training, the lecturer strictly held the lecture according to the scripts to ensure that 
only the planned contents were addressed in the lectures. The distribution of the contents to 
the different lectures of the treatments is shown in Table 2.  
  
Results – Manuscript I  
_______________________________________________________________________________________________________________________________________________________ 
| 69  
Table 2. Overview of the content of the three lectures of each treatment  









- importance of the skin / basic 
functions  
- structures and functions 
(epidermis and appendages, 
sclera, subcutis)  
- the skin as a sensory organ 
(touch, pressure, heat, cold, pain) 
Lesson planning model – phase 1 
and phase 2  
- supply usage model 
- lesson planning model and basic 
dimensions of instructional quality  
- phases during the course of a 
lesson, planning instruction, 
teaching methods, subject-specific 
instructional quality features  
- phase 1: starting the lesson: 
classroom management, supportive 
climate 
- phase 2: activation of prior 
knowledge and focus question: level 
of students cognitive activities, 
creation of situational interest, the 
importance of the skin / basic 
functions, structures and functions of 
the skin (epidermis), cognitive 
activation, subject-specific theory 





- supply usage model  
- basic dimensions of 
instructional quality (classroom 
management,  supportive 
climate, cognitive activation in 
general) 
- lesson planning model (phases 
during the course of a lesson, 
planning instruction, teaching 
methods)  
Lesson planning model – phase 3  
- phase 3 (part A): elaboration and 
backup: students’ ideas and their 
formative handling, structures and 
function of the skin (epidermis and 
appendages, sclera, subcutis), the 
skin as a sensory organ (touch, 
pressure, heat, cold, pain), 
conceptual change theory, classroom 
management, supportive climate, 





- addressing subject-specific 
instructional quality features 
within each phase during the 
course of a lesson (e.g., 
activation of prior knowledge, 
use of focus questions and 
challenging tasks, creation of 
situational interest, formative 
handling of students’ ideas, 
Lesson planning model – phase 3, 
phase 4, and phase 5  
- phase 3 (part B): use of models, 
teaching methods, technical terms  
- phase 4: referring back to the focus 
question, linking, cognitive 
activation, lesson planning model, 
phases during the course of a lesson 
- 
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scientific inquiry methods, use of 
models, technical terms, 
linking…) 
- subject-specific theories 
(situational interest, conceptual 
change, …) 
- phase 5: closing the lesson 
Note: Although the overall content was the same for both treatments, it was presented in different ways in the 
three lectures per group. Some of the topics in treatment 2 are listed twice because specific subtopics were 
addressed in one phase, while other subtopics were relevant in another phase. For example, while lecture 1 
included an overview of the interdependence of classroom management, classroom context, and the teacher’s 
personality as a subtopic of classroom management (cf. Helmke, 2017), lecture 2 included techniques of 
classroom management (cf. Kounin, 1970; Tarman, 2016). All lectures lasted about 90 minutes but varied in the 
number of topics addressed due to the time required to treat a topic. 
In treatment 1, each of the lectures focused on one of the knowledge facets separately, 
meaning that the first lecture dealt with content knowledge (CK), the following lecture with 
pedagogical-psychological knowledge (PK), and the last lecture with pedagogical content 
knowledge (PCK). There was a 20-minute break between each lecture. In each of the three 
lectures of treatment 2, the knowledge facets were addressed in an integrated way. The overall 
structure of the three lectures of treatment 2 followed the basic structure of a planning model 
for biology instruction (see Dorfner et al., 2019), including different phases during the course 
of a lesson: introduction (with reactivation of students’ prior knowledge, use of a focus 
question, and generating hypothesis), stage of elaboration and evaluation, backing up results, 
referring back and answering the focus question, as well as a consolidation of the 
content/concepts being taught. For each phase, corresponding aspects of CK, PK, and 
resulting PCK were presented. These aspects were the same for both treatments. Only the way 
of integrating the contents varied. Therefore, the planning model mentioned above was also 
considered in Treatment 1 as part of the lecture on PCK.  
Furthermore, we made sure to call repeatedly for pre-service teachers’ attention in all 
lectures through short tasks that varied slightly due to an appropriate embedding in the 
structure of the lecture. Additionally, content connecting phrases added to make transitions 
smoother were included in treatments 1 and 2. The phrases varied between the treatments but 
did not contain additional information on PK, CK, or PCK. Table 3 shows an example of how 
a task has been embedded and how a transition has been phrased in treatment 1 and 
treatment 2.  
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Table 3. Example of how a task was embedded in treatment 1 and treatment 2 and how the 
corresponding transition was phrased.  
Treatment 1 
separated instruction  
(here: PCK) 
Treatment 2 
integrated instruction  
(here: PCK with transition to CK) 
[…] TASK: Explain why it is important to 
consider student ideas? Collect ideas on how 
student ideas can be explored.  
The consideration of students’ ideas is important 
to pick up the students’ level of knowledge and to 
motivate them according to their ideas/interests. It 
is also crucial to ensure that teachers and students 
talk about the same thing. What do students 
associate with the “skin”? Above all, everyday 
experiences are decisive for the generation of 
ideas. The student’s idea and the academic idea of 
a subject are sometimes far apart. Therefore, it is 
important for the teacher to consider both and to 
structure the lessons accordingly.  
Didactic models that address this issue are, for 
example […]  
[next: model of didactic reconstruction]  
[…] The consideration of students’ ideas is 
important to pick up the students’ level of 
knowledge and to motivate them according to their 
ideas/interests. It is also crucial to ensure that 
teachers and students talk about the same thing. 
What do students associate with the “skin”? 
Above all, everyday experiences are decisive for 
the generation of ideas. The student’s idea and the 
academic idea of a subject are sometimes far apart. 
Therefore, it is important for the teacher to 
consider both and to structure the lessons 
accordingly. 
TASK: Explain what becomes visible in the 
student’s idea about the skin and what is the 
deficit?  
To understand the student’s idea about the skin, 
we must first familiarize ourselves with the 
biological content. 
[next: structure and function of the skin]  
 
2.3 Professional knowledge tests  
PK, CK, and PCK were measured through use of paper-pencil tests. In the tests, three 
different types of items have been utilized (open-ended, single best answer, multiple 
true/false). Open-ended items required a written response in a text field; single best answer 
(SBA) items required the selection of a single answer from a set of possible responses 
consisting of multiple distractors and one correct response; multiple true/false items required 
the assessment of each of four given responses with respect to their correctness (Campbell, 
2011). Sample items are displayed in Table 4.  
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Table 4. Item examples of the CK and PCK test. Due to the different design of SBA-items, 
two examples are given.  
Item type Item example  Corresponding 
knowledge facet  
Open-ended  Please evaluate the three-dimensional model by comparing as many 





Read each statement and tick the statement if correct.  
   
The dermis has subcutaneous fatty tissue and thus serves as   
protection against cold.  
During cornification, the cell interior dies and is replaced by the   
protein carotene.  
…  
CK 
Please evaluate the statements below regarding the given teacher 
experiment.    
 
This experiment allows effective use of time.   
 1 = very   
 2 = rather    
 3 = neither   
 4 = rather not   
 5 = not at all   
PCK 
Note: Information on items utilized in the PK test can be found by Kunina-Habenicht et al. (2020). Data sets 
from the BilWiss project, in which the PK test from this study was developed and used, are publicly available on 
the IQB website https://www.iqb.hu-berlin.de/fdz/studies/BilWiss. 
 
PK was assessed by an adapted short version of a paper-pencil test utilized in the 
BilWiss project covering declarative knowledge of the dimension instruction (Kunina-
Habenicht et al., 2020). According to Evens et al. (2018), PK includes at least knowledge 
about teaching methods and classroom management, which both were covered in the 
dimension instruction of the BilWiss project. The PK-test referred to basic dimensions of 
instructional quality containing items about generic features such as classroom management, 
supportive climate, and cognitive activation (Baumert et al., 2010; Klieme et al., 2001; 
Lipowsky et al., 2009), as well as items on general pedagogical issues of teaching such as 
teaching methods. The PK-measure included five SBA-items and ten multiple true/false 
items. Item scoring followed the instructions from the BilWiss project (Kunina-Habenicht et 
al., 2020). SBA-items were scored with either 0 points (wrongly ticked) or 2 points (correctly 
ticked). Multiple true/false items were scored with either 0 points (for 0 or 1 correctly ticked 
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answers), 1 point (for 2 or 3 correctly ticked answers), or 2 points (for 4 correctly ticked 
answers, thus a completely solved task).  
CK and PCK were assessed by adapted versions of the professional knowledge tests 
used in the ProwiN project (Jüttner et al., 2013; Jüttner & Neuhaus, 2013). The CK- and 
PCK-test covered declarative and action-related knowledge about the topic “skin” (in 
accordance with the knowledge that was addressed in the intervention and also covered in the 
video-based assessment tool). Based on the model of Tepner et al. (2012), the PCK-test 
covered two important components of biology teachers’ PCK: knowledge of instructional 
strategies (model use and use of experiments) and knowledge of students’ errors. The PCK-
measure included eight open-ended items and five SBA-items. Open-ended items were scored 
in accordance with a coding manual that was adapted from Jüttner et al. (2013) and Jüttner 
and Neuhaus (2012), and written on the basis of the literature in science education. A 
maximum of 3 points could be achieved for each open-ended item. SBA-items represented 
ranking items, where statements to a given experiment were to be evaluated on a five-point 
Likert scale by the pre-service teachers (see Table 4). Prior to the scoring process, the items 
were rated by 16 in-service teachers who we considered as experts in biology education. In 
accordance with the tendency for correct answers the in-service biology teachers gave, we 
divided the Likert scale into positive, neither/nor, and negative parts for scoring pre-service 
teachers’ ratings. For example, if the mean of the experts’ rating was between 1 and 2, and a 
pre-service teacher check-marked 1 or 2, the answer was scored with 1 point. If the pre-
service teacher check-marked 3, 4 or 5, the answer was scored with 0 points (cf. Jüttner et al., 
2013). The CK-measure included 13 open-ended items and 15 SBA-items. Both open-ended 
items and SBA-items were scored in accordance with criteria provided in a coding manual 
adapted from Jüttner et al. (2013). A maximum of 3 points could be achieved for each open-
ended item. SBA-items were scored with either 0 points (wrongly ticked) or 1 point (correctly 
ticked). To ensure objective and reliable coding, ten percent of both the PCK- and CK-test 
were coded by two independent raters utilizing the coding manuals. A high agreement 
between the two raters has been shown by the results of two-way random intra-class 
correlations (ICCabsolute): PCK: ICCabsolute(310,310) =.84, p < .001; CK: 
ICCabsolute(341,341) =.97, p < .001 (Wirtz & Caspar, 2002).  
After item scoring, each knowledge test was analyzed separately using the Rasch 
partial credit model (PCM), which resulted in PK, CK, and PCK Rasch person measures 
(person abilities) for each pre-service teachers for each test instrument (Bond & Fox, 2007; 
Boone et al., 2014). The Rasch model also takes the difficulty of test items into account. 
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Person measures and item measures are calculated on the same scale using the unit “logits” as 
equal-interval units that allow comparisons between persons and items (Boone et al., 2014). 
For evaluating data fit, Outfit-MNSQ (mean-square) values, item reliability and person 
reliability for each test were used. According to Wright and Linacre (1994), item Outfit-
MNSQ values below 1.5 indicate a productive measurement. Concerning the reliability 
values, high item reliability indicates that both the range of item difficulty and the sample size 
can be considered as appropriate to measure the items precisely. The person reliability 
describes the internal consistency of the measure. For example, a value of .50 means that the 
test discriminates the sample in 1 or 2 levels; higher values discriminate in more levels 
(Boone et al., 2014).  
Item fit statistics of the PK, CK, and PCK-test showed satisfactory fit values (see 
Table 5). To compare data from the identical pre- and post-tests, pre-test items have been 
anchored with appropriate post-test items for each test considering Differential Item 
Functioning (Boone et al., 2014). Those items, which produced a measurement bias for pre- 
and post-test were excluded from anchoring. In the end, the PK-test included 12 anchor items, 
the CK-test had 17 anchor items, and the PCK-test included eight anchor items.  
 
Table 5. Fit statistics of the professional knowledge tests using Rasch analysis techniques and 
the Rasch partial credit model. 
































2.4 Analyses  
First, raw data of all knowledge tests (pre/post: PK, CK, PCK) was analyzed using the Rasch 
PCM (Bond & Fox, 2007) with the software Winsteps 3.81 (Linacre, 2014) to calculate 
person measures. The resulting equal-interval person measures were used for all following 
analyses. Second, descriptive results and Pearson’s correlations were calculated utilizing IBM 
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SPSS Statistics (version 26) to describe the development and correlation between the 
knowledge facets. SPSS has also been utilized for running mixed ANOVAs separately for 
each knowledge facet to reveal possible time effects and interaction effects between time and 
treatments. Assumptions for applying mixed ANOVAs were checked. There was a violation 
of normal distribution for PCKpre and PKpost of treatment 2 (integrated instruction), as well as 
for PKpost of the control group, as assessed by the Shapiro-Wilk test (p > .05). For PK and 
CK, homogeneity of the error variances, as assessed by Levene’s test (p > .05), as well as 
homogeneity of covariances, as assessed by Box’s test (PK: p =.53; CK: p =.19) were given. 
However, for PCKpost, Levene’s test was significant (p = .03). We therefore focused on 
Tukey-HSD post-hoc comparisons and calculated repeated measures ANOVAs for each 
treatment.  
As an effect size measure, we used partial η², applying the following benchmark 
values: .01 for small effects, .06 for medium effects, and .14 for large effects (Cohen, 1988; 
Richardson, 2011).  
3 Results  
3.1 Descriptive statistics and correlations 
An overview of the descriptive results of all measurements can be found in Table 6. For each 
knowledge facet, the mean values increased between pre-test and post-test. However, for PCK 
and CK, the increases were greater. Additionally, it is worth mentioning that for PK the 
control group showed the largest increase compared to treatment 1 or 2. Pearson’s 
correlations between the knowledge facets showed that PK, as well as CK and PCK, could 
mostly be measured independently. For the pre-test, there were small correlations between 
CKpre and PCKpre (r = .29, p < .01), as well as between PCKpre and PKpre (r = .28, p < .01). For 
the post-test, there were a medium correlation between CKpost and PCKpost (r = .40, p < .01), 
and a small correlation between PCKpost and PKpost (r = .24, p < .01). 
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Table 6. Descriptive statistics of the knowledge tests, including mean, standard deviation, 
minimum and maximum value.  
 Treatment 1  
separated instruction 
N = 42 
Treatment 2 
integrated instruction 
N = 40 
Treatment 3 
control group 
N = 36 
PK 
a




























































































 Rasch person measures of variables scaled according to the PCM in Logits. Each person ability value was 
summed up with 5 to avoid negative person abilities and thus misunderstandings in interpretation. Note that the 
person measures were calibrated for each knowledge facet separately, and therefore, they cannot be compared 
with each other.  
 
3.2 Effects on PK, CK, and PCK 
For PK, results of calculating the mixed ANOVA showed a significant effect of time 
(F(1, 115) = 3.94, p = .05, partial η² = .03), but no interaction effect between time and 
treatments (F(2, 115) = .23, p = .79, partial η² < .01), meaning that pre-service teacher 
acquired more PK regardless of treatment affiliation. However, due to the high person 
measures in both the pre- and the post-test, a ceiling effect can be stated (see Figure 2).  
Mixed ANOVAs for CK revealed that there was a statistically significant effect of 
time for treatment 1 (separated instruction) (F(1,41) = 28.64, p < .01, partial η² = .41) and for 
treatment 2 (integrated instruction) (F(1,39) = 33.44, p < .01, partial η² = .46). There was no 
significant effect of time for the control group (F(1,35) = .39, p = .54, partial η² = .01). 
Furthermore, the interaction effect between time and treatment was significant in terms of 
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CK-development (F(2,115) = 7.66, p < .01, partial η² = .12). However, Tukey-HSD post-hoc 
tests of the mixed ANOVA revealed no significant difference between the groups. Despite 
missing significance, calculation of Tukey-HSD indicated that the separated instruction might 
have had an advantage over the control group (mean difference separated instruction-control 
group = .34, p = .07). In contrast, this potential advantage was not apparent for the integrated 
instruction (mean difference integrated instruction-control group  = .22, p = .33). However, to 
understand the significant interaction effect, we run another analysis. Since pre-service 
teachers did not statistically differ in their CKpre, we also analyzed group differences in the 
post-test and calculated a one-way ANOVA for CKpost. In the post-test, CK-scores differed 
significantly between the treatments. According to the Tukey-HSD post-hoc tests, control 
group differed significantly from treatment 1 (separated instruction) (mean difference control 
group-separated instruction = -.65, p = .001), and treatment 2 (integrated instruction) (mean 
difference control group-integrated instruction = -.44, p = .03) at the post-test. Overall, the 
results showed the effectiveness of the lectures, and might indicate a greater potential of the 
separated instruction in terms of CK development (see Figure 2).  
Mixed ANOVAs for PCK could not be interpreted due to the significance of the 
Levene’s test (p = .03), which still remained after cox-box-powertransformation (Hemmerich, 
2016). Additionally, Tukey-HSD post-hoc tests showed no statistically significant difference 
between the treatments. However, repeated measures ANOVA for the total sample (without 
consideration of treatments) revealed a significant difference between PCKpre and PCKpost 
(F(1,115) = 77.76, p < .01, partial η² = .40). Therefore, we run repeated measures ANOVA 
for each treatment separately. Results showed significant increases from PCKpre to PCKpost for 
all three treatments (see Figure 2), which were much more pronounced for the treatments 1 
and 2, which included instruction (treatment 1: F(1,41) = 30.47, p < .01, partial η² = .43; 
treatment 2: F(1,39) = 44.72, p < .01, partial η² = .53; control group: F(1,35) = 11.38, p < .01, 
partial η² = .25). Since the highest estimate of explained variance was reported for 
treatment 2, the integrated instruction might be more beneficial to foster knowledge 
acquisition in terms of PCK than addressing knowledge facets separately. 
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Figure 2. Comparison of pre- and post-test person measures between the different treatments, 
illustrated for each knowledge facet (***p < .001, **p < .01, *p < .05). For PK and CK, 
mixed ANOVAs have been performed, whereas we run repeated ANOVAs for PCK. Note 
that the person measures were calibrated for each knowledge facet separately, and therefore, 
they cannot be compared with each other. 
 
4 Discussion  
In the present study, we compared the effects of separated or integrated instruction on PK, 
CK, and PCK on the development of pre-service teachers’ professional knowledge. Of critical 
significance was that all three knowledge facets were addressed both as part of the instruction 
and as outcome variables, whereas previous studies were often limited to specific knowledge 
facets (cf. Janssen & Lazonder, 2016; Harr et al., 2014). Regarding this point, our study 
provides insights into how teachers’ professional knowledge can be fostered. Furthermore, we 
investigated the integration of the knowledge facets in a very practical way within regularly 
scheduled lectures. Therefore, the study also provides practical value for realizations of 
teacher education programs. Although the use of computer-based learning environments 
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offers advantages in terms of controllability and standardizability, we decided to investigate 
the integration of the knowledge facets in lectures in order to expand methodological 
approaches within the investigation of knowledge instruction. In addition, study results could 
be used directly to adapt instruction due to the affiliation to our courses. Therefore, it 
addressed how curricular content should be presented in courses and lectures of science 
teacher education. Despite the evidence of greater effectiveness of integrated instruction (Harr 
et al., 2015; Janssen & Lazonder, 2016), knowledge facets are largely taught in separate 
courses in teacher education. Since curricular restructuring is not feasible without enormous 
effort, the purpose of this study was to generate more evidence on the extent to which 
restructuring in lectures might be effective. For this purpose, three treatments (separated 
instruction, integrated instruction, and control group receiving no instruction) were compared 
on participants’ PK, CK, and PCK development.  
The following main findings of the statistical analysis can be noted: All knowledge 
facets (PK, CK, PCK) increased from pre- to post-test. The largest increases were shown with 
respect to the development of CK and PCK. However, not all increases can be attributed to 
the intervention. Referring to PK, a small time effect but no interaction effect between time 
and treatments could be found. Instead, we noticed a ceiling effect, indicating that the utilized 
PK-test has been too easy and did not differentiate the sample enough (Linacre, 2014). In the 
future, we should therefore raise test difficulty through an extension of the PK-test by 
including other scales of the original BilWiss project (Kunina-Habenicht et al., 2020). Thus, 
at this stage, we cannot make any firm conclusions about differences in the effectiveness of 
separated or integrated instruction on the development of PK.  
Referring to the development of CK, both addressing knowledge facets separately or 
integrated in lectures were effective. There were large interaction effects between time and 
treatments of both the separated and the integrated instruction compared to the control group 
that showed no significant difference between CKpre and CKpost. Furthermore, the descriptive 
results indicated that the separated instruction was slightly more effective for CK 
development. This seems plausible because before teachers can teach a topic, they first need 
knowledge about the subject matter and they have to understand the underlying core concepts 
before actually planning instruction (Ball et al., 2008; Kleickmann et al., 2017). Furthermore, 
pre-service teachers can be considered as novices for whom less integration of knowledge 
facets is characteristic, in contrast to the knowledge of experienced in-service teachers, which 
is stronger integrated and encapsulated (Krauss et al., 2008). Therefore, due to little subject-
specific knowledge about a specific topic and due to the still less integrated knowledge 
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structures, the separated instruction might be the more effective one in terms of CK 
development. Here, future studies that take the different levels of prior knowledge of different 
pre-service teachers into account could provide more differentiated insights on the 
circumstances of a beneficial instruction on CK.  
Referring to the development of PCK, it was striking that a large time effect was 
found not only in the two treatment groups but also in the control group who did not receive 
any kind of instruction during the intervention. This effect may be due to the processing of the 
biology-specific classroom situations provided in the video-based assessment tool that we 
used to measure diagnostic competences in the pre- and post-test within the original study. 
Even though these measurement results are not part of the present sub-analysis, the use of the 
tool seems to have had an impact on the knowledge facets captured as defined by the 
cognitive perspective. To explain this observation, we want to refer to the Refined Consensus 
Model mentioned in the theoretical section to define the PCK-constructs used in our study 
more precisely. Thus, the paper-pencil tests utilized in the pre- and post-tests measured pre-
service teachers’ individual subject-specific knowledge (personal PCK) that reflected their 
person-specific reservoir of declarative and action-related knowledge as well as the teachers’ 
own teaching and learning experiences (Carlson et al., 2019). When elaborating on the PCK 
aspects of the intervention, we focused on topic-specific literature within the field and state-
of-the-art research results. Thus, this form of PCK represented collective PCK that interacted 
with pre-service teachers’ personal PCK and was therefore assumed to change it. 
Additionally, we assume that pre-service teachers had to rely on their personal PCK when 
working in the video-based assessment tool during the diagnostic process while 
simultaneously drawing on enacted PCK that is generated in the moment of action (Alonzo et 
al., 2019). Even if pre-service teachers were not actually in action themselves, they engaged 
in the practice of science teaching in terms of reflecting on biology instruction, and thus, 
utilized enacted PCK. It is assumed that through reflection, enacted PCK can be transformed 
to personal PCK, and thus, the experiences can become part of future knowledge (Alonzo et 
al., 2019). Since we used videos of real-life classroom instruction, the videos and their 
reflection might have elicited knowledge which could then be accessed in the post-test. This 
could have been, for example, knowledge about the use of three-dimensional models triggered 
by the situated context in the video. The videos thus functioned as an additional prompt for 
the retrieval of personal PCK (Alonzo & Kim, 2016; Kersting et al., 2010; Seidel & Stürmer, 
2014). Therefore, the results of our sub-analysis also emphasized the relevance of considering 
both, a cognitive and a situated perspective on teacher professional knowledge. Considering 
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the results, there is the possibility that an interaction effect between time and treatments was 
overshadowed by the effect of the video-based assessment tool. However, effect sizes suggest 
higher effects for the two treatments that received instruction, with the greatest value of 
explained variance for the integrated instruction. Therefore, our findings indicate a benefit for 
the development of PCK when knowledge facets are addressed in an interrelated way, which 
is in line with previous research findings (Harr et al., 2014, 2015). Through an integrated 
instruction on the knowledge facets, PCK development might benefit from the interaction of 
PK and CK, as well as from the explicit instruction on PCK itself (Kleickmann et al., 2017; 
Krauss et al., 2008; Schneider & Plasman, 2011; Tröbst et al., 2019).  
Despite these insights, there are some limitations to the present study. First, some 
assumptions relevant for applying mixed ANOVAs were violated. However, the violation of 
normal distribution for PCKpre and PKpost of treatment 2 (integrated instruction), as well as for 
PKpost of the control group, can be explained by the fact that PCKpre was rather difficult for 
the students. Thus, due to the small group sizes of treatments, the probability that the normal 
distribution is violated increased. Results of PCKpost tests were normal distributed for all 
treatments. PKpost, on the other hand, was too easy, which is why there was no normal 
distribution for two treatments there either. A second limitation concerns the knowledge tests 
used. Since we used the same paper-pencil test for pre- and post-test, a test effect might have 
played a role concerning test results. Additionally, knowledge increases of the knowledge 
facets, even when not significant, might be due to pre-service teachers’ regular courses that 
took place during the study but were not part of it. Regarding the ceiling effect resulting from 
the utilized PK-test, we cannot make any statements on the effects of the treatments on PK, 
which is why the discussion refers primarily to CK and PCK findings. Therefore, an extended 
test version should be piloted and used in future studies. Accordingly, the current study design 
would have to be applied again in a similar way using an extended PK test version in order to 
conduct and discuss the targeted holistic investigation of all three knowledge facets. This is 
especially important to evaluate whether integrated instruction might also be favorable in 
terms of PK development. If this is the case, university courses would need to pursue a 
stronger interlocking of the more practice-oriented facets PK and PCK (cf. König et al., 
2018). At the same time, expanding the study could result in a larger sample size of the 
individual treatments. The increase in sample size might then provide more clarity about the 
partly descriptive trends in PCK and CK. Conducting the study at other universities would 
also be conceivable. However, it is a great challenge to embed the lecture-based study in 
exactly the same form at other universities since conception and implementation were 
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strongly oriented towards the instructional practice of the biology education at the LMU 
Munich. However, this also represents a strength, as research and practice have been 
combined.  
In addition, conceptual limitations regarding the knowledge tests must also be 
considered. Thus, we could only measure specific aspects of a pre-service teacher’s 
knowledge facet referring to articulable knowledge “related to the teaching and learning of 
specific science topics” (Alonzo et al., 2019, p. 273). The paper-pencil tests did not allow us 
to capture more dynamic forms of knowledge that are used in practice, quasi "in action" 
(Alonzo & Kim, 2016), and thus, the measurement of professional knowledge with paper-
pencil tests might lack sufficiency (Liepertz & Borowski, 2019). Measurement data from the 
video-based tool will provide more information here. Nonetheless, with reference to the 
RCM, for example, it remains open which particular form of PCK was addressed, and to what 
extent integrated instruction is equally effective for all forms. Consequently, future studies 
would do well not only to differentiate into knowledge facets, but also to consider potential 
subforms within a knowledge facet (as in the case of the PCK forms) that is relevant to 
interpretation and eventual consequences. 
Another relevant limitation is the absence of a manipulation check of the treatments. 
Thus, we cannot ensure that pre-service teachers in the treatments that received instruction 
had processed the presented knowledge. However, in the lectures, attempts were made to 
control this point. Since the sample size of the treatments was not too big, and the lecture hall, 
although rather small, provided enough seats to distribute the participants evenly, the lecturer 
could keep an eye on them. Furthermore, the lecturer tried to make sure that no participant 
was distracted by secondary activities (mobile phone, conversations) but instead was 
stimulated by tasks to ensure active and constructive participation at least temporarily, which 
is assumed to foster learning (Chi & Wylie, 2014). Nevertheless, the cognitive presence of the 
participants has not been instrumentally controlled. 
Nonetheless, our study contributes to the exploration of integrated approaches to 
promote knowledge acquisition. Therefore, we finally want to point out some implications 
resulting from our findings. For effective knowledge acquisition in teacher education, the 
strategy should not limit oneself to one way of knowledge instruction. The choice of a 
specific way of instruction should depend, among other things, on the level of prior 
knowledge of the pre-service teachers. In case of low prior knowledge, separate instruction 
may be more effective; in case of high prior knowledge, an integrated approach might be 
more beneficial for knowledge development. Further studies that investigate separated and 
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integrated approaches with regard to developmental trajectories of pre-service teachers with 
different levels of prior knowledge should be initiated in the future. As the present analysis 
has shown, direct instructional guidance as provided through lectures is an efficient way to 
foster pre-service biology teachers’ CK that builds the crucial fundament for a profound 
development of PCK. Addressing CK separately might therefore be a way to ensure that pre-
service teachers develop a sufficient level of CK that impacts PCK development in the longer 
term, and thus, instructional quality as well (Baumert et al., 2010). Within the instruction of 
PCK, it might be practicable to refer to subject-specific content and core concepts as well as 
to general pedagogical methods that can be transferred to the specific subject to be taught. 
This can be done in a way that Harr et al. (2015) called prompted integration describing the 
use of reflective questions to promote knowledge integration. There is the necessity to bring 
the knowledge facets together in order to increase their applicability in complex instructional 
situations (Ball, 2000; Harr et al., 2015; Tröbst et al., 2019). These situations may occur 
during classroom instruction as well as when instruction is planned or reflected. In order to 
address this practical context already in teacher education at university, situated approaches 
on knowledge acquisition and application are increasingly in demand. Video-based tools such 
as the assessment tool that offers real-life classroom situations can therefore be seen as 
instructional elements with practical relevance that complement teacher education.  
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4. Discussion 
In the following, the results of all publications and manuscripts are first summarized before 
they are discussed with regard to the aims of this dissertation. The discussion starts with the 
validation of the video-based assessment tool DiKoBi Assess and the comparison of the 
constructs professional vision and diagnostic activities as feasible operationalizations of 
situation-specific skills required in (video-based) problem-solving situations. Then, the 
relationships that were found between the components of diagnostic competences are 
described and discussed in terms of previous research findings. In addition, the effectiveness 
of instructional support provided by a lecturer or via texts, as well as their impact on the 
professional knowledge base as an important component of diagnostic competences is 
discussed. The discussion of the results is followed by elaborating on the limitations of the 
studies, which lead to the description of further research questions. Finally, implications for 
teacher education that can be derived from the results of this dissertation are considered.  
4.1 Summary of the results 
This dissertation pursued three aims that were addressed in three publications and two 
manuscripts: (1) to develop and validate a video-based tool to assess pre-service biology 
teachers’ diagnostic competences, (2) to investigate the relationships between professional 
knowledge, diagnostic activities, and diagnostic accuracy as components of diagnostic 
competences, and (3) to analyze the effects of different types of instructional support on the 
professional knowledge base representing a crucial component of diagnostic competences. 
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Figure 6. Summary of the main results of this dissertation. 
 
The validation of the video-based tool DiKoBi Assess with in-service biology teachers 
showed that DiKoBi Assess could be used as a valid test instrument. This is due to the fact 
that the staged videos were able to simulate biology-specific classroom situations 
authentically. Moreover, after conducting several validation steps, it could be concluded that 
teachers sufficiently identified the scripted subject-specific characteristics (content of videos) 
in each classroom situation and that the assigned tasks validly measured the assumed 
diagnostic activities (see Appendix A for an example of the tasks embedded in DiKoBi 
Assess). Additionally, the comparison of the constructs professional vision and diagnostic 
activities, which were both used independently for coding and analyzing the data collected in 
DiKoBi Assess, showed that with regard to the diagnostic activities relevant in the context of 
the tool, both constructs provide comparable coding and analysis results. Further details of the 
comparison are described in Section 4.2.  
Based on the validation, DiKoBi Assess was used in two studies as a measurement 
instrument for diagnostic activities and diagnostic accuracy in addition to conventional paper-
pencil tests measuring professional knowledge. The analyzed relationships between the three 
components of diagnostic competences revealed a strong correlation between diagnostic 
activities and diagnostic accuracy, a moderate correlation between the knowledge facets PCK 
and CK, and small correlations between PCK and PK as well as between PK and CK. In 
addition, there was a positive directional relationship between PCK and pre-service teachers’ 
diagnostic activities, PCK and diagnostic accuracy, and PK and diagnostic activities. Overall, 
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the results highlighted PCK and PK as particularly important for performing diagnostic 
activities and accurate diagnoses, with higher effect sizes for PCK compared to those of PK.  
In terms of instructional support, both separated and integrated instruction provided by 
a lecturer has been effective in fostering pre-service teachers’ PCK and CK. However, only 
for CK, there were large, statistically significant interaction effects between time and 
treatments for both the separated and the integrated instruction compared to the control group 
that showed no significant increase in CK. The descriptive results indicated slightly higher 
effectiveness of separated instruction for CK development. For PCK, there was a statistically 
significant increase for all treatments (integrated instruction, separated instruction, and no 
instruction). However, it is particularly noteworthy that a significant increase in PCK also 
occurred in the control group, which received no instruction. Descriptive results indicated that 
addressing the knowledge facets in an interrelated way might be beneficial for the 
development of PCK. However, this assumption needs to be further examined. In contrast, no 
effects of instructional support by a lecturer were found for PK, possibly due to a ceiling 
effect caused by the knowledge test used.  
Instructional support via texts did not seem to be effective for any of the components 
of diagnostic competences within this particular study design since an interaction effect 
between time and treatment was not found for any of the treatments. At the same time, 
however, there were significant time effects visible in the increases in PCK and CK. 
Therefore, it becomes apparent that in both the lecture-based and the text-based intervention 
study, there must be another factor that led to the knowledge increases in the subject-specific 
knowledge facets PCK and CK. The assumption is that these increases may be due to the 
processing of the videos in the video-based assessment tool DiKoBi Assess showing biology-
specific classroom situations. This assumption is discussed in Section 4.4 in more detail.  
4.2 Validation of the video-based assessment tool DiKoBi Assess 
The first aim of this dissertation was the validation of the video-based assessment tool 
DiKoBi Assess that provided subject-specific classroom situations. The videos embedded in 
DiKoBi Assess were designed to show biology-specific instructional challenges of a biology 
teacher’s classroom behavior. The diagnostic task required the diagnosis of this behavior with 
regard to subject-specific features of instructional quality. One novelty of this approach was 
that the diagnostic focus was on the whole class and the instructional behavior of the teacher, 
which is considered more complicated than diagnosing an individual student (Tolsdorf & 
Markic, 2017). On the other hand, the tool allowed the identification and interpretation of 
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subject-specific dimensions of instructional quality through practice-oriented cases. Previous 
tools for assessing diagnostic skills or diagnostic accuracy rather focused on the diagnosis of 
student performance, on teacher-student interaction, or general characteristics such as 
classroom management (e.g., Codreanu et al., 2020; Fischer et al., 2021; Gold & Holodynski, 
2017; Südkamp et al., 2008). Previous research in biology education has been conducted in 
the context of the simulated classroom biology SCR
Bio
 (cf. Fischer et al., 2018) and the 
student inventory for biology (cf. Fischer et al., 2021), in which diagnostic competences are 
investigated with respect to declarative and action-related PK, CK, and PCK. However, the 
diagnostic focus in these studies was also on measures of student performance and products. 
Skills such as professional vision or diagnostic activities have rarely been conceptualized and 
studied in relation to aspects of instructional quality in subject-specific domains (Meschede et 
al., 2017). Therefore, being able to validly measure situation-specific skills in terms of 
diagnostic activities with DiKoBi Assess extends existing measurement instruments not only 
by the range of skills that can be measured with these instruments but also by the biology 
context to which the skills are applied.  
In addition, DiKoBi Assess is an important instrument for conducting studies within 
the COSIMA project (cf. Heitzmann et al., 2019; Chernikova et al., in press). Furthermore, 
the validation in terms of the utilized construct of diagnostic activities used for coding and 
analyzing the data as well as the conceptual comparison with professional vision can be 
considered meaningful for the connection of the interdisciplinary research project to teacher 
professionalism research and teacher education. In video-based teacher research, professional 
vision is a common concept used to examine teachers’ situation-specific skills for classroom 
assessment and teachers’ situated professional knowledge to promote them in terms of 
teachers’ professional development (e.g., Kersting et al., 2012; Seidel & Stürmer, 2014; 
Sherin & van Es, 2009; Steffensky et al., 2015). The comparison of the constructs diagnostic 
activities and professional vision confirmed on the one hand that both constructs are basically 
suitable for coding situation-specific skills of teachers and that utilizing the constructs for 
analyses leads to comparable conclusions (Kramer, Förtsch, Seidel et al., 2021). On the other 
hand, it also became apparent that specific particularities were present in a small percentage 
of the data, which could be better captured by one of the constructs, depending on the 
particularity. Adjusting to our project-specific data, relevant categories from both constructs 
were therefore combined by merging similar construct categories from both constructs as well 
as subdividing categories more finely with respect to the specific particularities. The resulting 
combined conceptualization (see Figure 7) was then used as the conceptual basis for further 
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data analysis in the subsequent COSIMA studies. With regard to the tasks embedded in 
DiKoBi Assess that prompted specific diagnostic activities, three categories accounted for the 
majority of coded responses. These categories were “describing as generating evidence”, 
“explaining as linking evidence to theory“, and “concluding alternative teaching strategies”. 
In terms of the construct diagnostic activities, the categories represent operationalizations of 
the diagnostic activities generating evidence, evaluating evidence, and drawing conclusions. 
These main categories are also consistent with subdivisions of other studies, such as those 
used in the PID model (Kaiser et al., 2015). Furthermore, it is worth mentioning that only a 
few studies have used videos to promote teachers’ decision-making so far (cf. Santagata et al., 
2021), so that addressing the skill “concluding alternative teaching strategies” in the video-
based tool DiKoBi Assess will provide empirical data for a more detailed analysis of this skill 
in future studies.  
 
Figure 7. Combined conceptualization for situation-specific skills for diagnosing classroom 
situations from Kramer, Förtsch, Seidel et al. (2021), embedded in the competence as a 
continuum model (Blömeke et al., 2015). 
4.3 Relationships between components of diagnostic competences 
The results of the cross-sectional analysis provided answers regarding the second aim of the 
dissertation. First, the analysis of the pre-tests from Studies 1 and 2 revealed a just moderate 
correlation between PCK and CK (r = 0.30), whereas results from other studies in mathe-
matics and science education showed moderate to high correlations (e.g., Großschedl, Mahler 
et al., 2014; Kirschner et al., 2016; Kleickmann et al., 2017; Kulgemeyer et al., 2020; Sorge, 
Keller et al., 2019). The just moderate correlation from the cross-sectional analysis can be 
attributed to the underlying characteristics of test construction. Similar knowledge tests have 
been used in the ProwiN project. The aim of the ProwiN project was to find predictors of 
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instructional quality. Therefore, predictors that do not correlate were better suited for testing. 
This was artificially achieved by the way the test was constructed, for example, by providing 
the CK content in the PCK test in order to be able to answer PCK questions as independently 
of CK as possible (Jüttner & Neuhaus, 2012). Studies in which the ProwiN knowledge tests 
were utilized confirmed a largely independent measurement of CK and PCK (cf. Förtsch et 
al., 2016; Jüttner et al., 2013). The moderate correlation found in the cross-sectional analysis 
might be due to the test versions adapted in the COSIMA project, which concerned different 
subject content.  
Although CK is not directly related to diagnostic activities or accuracy, researchers in 
mathematics and science education emphasized its role for PCK development (Fischer et al., 
2012; Krauss et al., 2008). Furthermore, there was a correlation between PCK and PK, only 
slightly lower than the one between PCK and CK. This correlation can be attributed to an 
overlap of PCK and PK test items (see next paragraphs). In addition, there is evidence that for 
pre-service teachers, PCK and PK initially correlate higher, and as expertise increases, the 
correlation turns in favor of PCK and CK (Sorge, Stender et al., 2019). This points to the 
importance of PK in the early stages of pre-service teacher education (cf. König et al., 2011). 
However, such a shift in correlation during the course of teacher education is probably not 
measurable with the test instruments used in this dissertation due to the underlying 
characteristics of test construction.  
Regarding PK and CK, a very small correlation was found. Depending on the test 
construction, similar results on the correlations between PCK/CK and PK were also found in 
other studies (e.g., Kirschner et al., 2016; Kleickmann et al., 2017; Kulgemeyer et al., 2020).  
The strong correlation between diagnostic activities and accuracy might be due to the 
operationalization of accuracy that was measured in terms of perception accuracy, related to 
the correct perception and description of a professional situation (cf. Carter et al., 1988; 
Kaiser et al., 2015). The assessment of accuracy was thus primarily related to the diagnostic 
activities identifying problems and generating evidence, which were used to decide whether 
the scripted biology-specific instructional challenges were correctly diagnosed.  
Nevertheless, for both diagnostic activities and accuracy, pre-service teachers’ PCK 
was significantly important. Thus, the results support the tendency in previous findings 
emphasizing the relation between PCK and situation-specific skills in domain-specific 
situations (e.g., Dreher & Kuntze, 2015; Kersting et al., 2012; Meschede et al., 2017). 
Furthermore, the positive relationship between PCK and diagnostic accuracy is important to 
consider. This result is in line with the expectations, as the diagnostic focus and thus the study 
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context was on subject-specific dimensions of instructional quality in biology, thus requiring 
the activation of content-specific knowledge. However, this also means that depending on the 
diagnostic focus, a different knowledge facet may be crucial for the interplay between the 
components of diagnostic competences (cf. Hoth et al., 2018; Steffensky et al., 2015). For 
example, teachers’ PK has been found critical for interpreting general pedagogical classroom 
situations (König et al., 2014). However, in the real classroom, content-specific and general 
pedagogical aspects are not always strictly separable but build on each other to a certain 
extent, as general pedagogical principles and strategies are sharpened for application in 
subject-specific situations with regard to the specific content. This intertwining becomes 
clear, for example, with regard to the basic dimension cognitive activation, which is 
considered to be a generic feature of instructional quality, but has to be refined with regard to 
the specific instructional context (Dorfner et al., 2017; Lipowsky et al., 2009; Steffensky & 
Neuhaus, 2018). Such connections could also be described in the cross-sectional analysis. The 
relationships found between PCK, PK, and diagnostic activities can be explained with regard 
to the items used. In the video-based assessment tool DiKoBi Assess, used to measure pre-
service teachers’ diagnostic activities, six subject-specific dimensions were covered: (1) level 
of students’ cognitive activities and creation of situational interest, (2) dealing with (specific) 
student ideas and errors, (3) use of technical language, (4) use of experiments, (5) use of 
models, and (6) conceptual instruction. While the PCK paper-pencil test covered three of 
these dimensions (student errors, use of models, and use of experiments), there was also an 
overlap with two items of the PK test (constructive handling of errors and role of students’ 
prior knowledge) (see Kramer, Förtsch, Boone et al., 2021). However, whereas the PK items 
asked for general strategies, the PCK items asked for content-related aspects such as specific 
student errors and their causes. Thus, they were closer to the video-based assessment tool. 
Such content-related concretization is necessary for subject-specific instruction (Dorfner et 
al., 2017; Steffensky et al., 2015). However, the results indicated that PK should not be 
disregarded in the context of subject-specific diagnostic competences, even if PCK has 
greater relevance.  
4.4 Instructional support to foster knowledge development 
For addressing the third aim of the dissertation, the two intervention studies were analyzed. 
Within biology education, these studies were one of the first ones that considered all three 
knowledge facets as conceptual part of separated or integrated instruction and as outcome 
variables of instruction. With regard to different ways of instructional support, both separated 
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and integrated instructional support by a lecturer was yielding in terms of CK development. 
However, the descriptive results indicated potential benefits related to the separated 
instruction. As the correlations between the knowledge facets that were reported in science 
research suggest, CK is an important and necessary precondition for PCK (Fischer et al., 
2012; Kleickmann et al., 2017). Teachers need a certain level of knowledge about subject-
specific concepts and core ideas before they can effectively plan, teach, and reflect upon 
instruction (Ball et al., 2008; Kleickmann et al., 2017). This subject matter knowledge may 
best be taught in courses explicitly designed to build CK. A well-developed CK base can then 
be useful for integrating PCK and PK aspects, thus, developing integrated knowledge 
structures, which are more common among teachers with higher expertise (Berliner, 2001; 
Krauss et al., 2008). To verify this assumption explicitly, further research would have to be 
conducted in which effects of separated and integrated instruction are analyzed depending on 
the prior knowledge of the participants.  
Regarding the PCK development, it was striking that not only the intervention 
treatments showed a significant increase in PCK, but also the control group, which only 
processed the knowledge tests and the video-based assessment tool DiKoBi Assess. This 
suggests that working on DiKoBi Assess also had a learning effect. Effects of the use of 
videos in terms of professional learning have already been observed in other studies (e.g., 
Gaudin & Chaliès, 2015; Llinares & Valls, 2009; Marsh et al., 2010; Roth et al., 2011). 
Videos that take into account the elements of cognitive load, student engagement, and active 
learning are particularly beneficial (Brame, 2016). Indicators of all three elements are 
applicable to the video-based assessment tool DiKoBi Assess (for example, important 
information was highlighted to reduce cognitive load, each video were kept brief (Min =.67 
min; Max = 5.23 min) to keep student engagement high, and guiding questions have been 
implemented that might have been beneficial in terms of active learning). In addition, the 
situations shown in the videos represent prompts that can elicit knowledge (Alonzo & Kim, 
2016; Kersting, 2008; Seidel & Stürmer, 2014), which in turn can influence further test 
performances. The effect resulting from the processing of the video-based tool might 
therefore have overshadowed possible interaction effects between time and treatments that 
should be induced by the intervention. However, treatments receiving separated or integrated 
instruction still had greater increases with larger effect sizes than the control group. That the 
greatest value of explained variance was found for the integrated instruction might indicate 
the potential benefit of addressing knowledge facets in an interrelated way in order to foster 
PCK development. This assumption is supported by similar findings from previous research 
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(Harr et al., 2014, 2015). A potential explanation for this is that PCK development can benefit 
from both the explicit instruction of PCK and the instruction of CK and PK aspects related to 
the specific content and situation (Kleickmann et al., 2017; Krauss et al., 2008; Tröbst et al., 
2019). However, this assumption needs further investigation in the future.  
Effects of instructional support by a lecturer on PK could not be analyzed in more 
detail due to ceiling effects that could be evaded in the future by increasing the level of the 
PK test (e.g., by adding higher cognitive test items or by using more test scales from the 
BilWiss project, see Kunina-Habenicht et al., 2020). However, a small time effect was found 
independent from treatments that may be due to the processing of DiKoBi Assess as well. 
Even though the videos showed situations in which the focus was on subject-specific 
instruction, the situated context also activated general pedagogical-psychological components 
that generally underlie instruction (e.g., knowledge of classroom management or knowledge 
of adaptivity and learning differences, see König et al., 2011; Wiens et al., 2020).  
Instructional support via texts as it was implemented in Study 1 did not show 
measurable significant relevance for either professional knowledge or diagnostic activities. 
Although there was a significant increase in PCK and CK from pre to post-tests, this could 
not be attributed to the text-based intervention. As with instructional support by a lecturer, the 
video-based assessment tool might have caused such time effects. Consequently, the question 
arises as to how such influences of DiKoBi Assess can be explained. A possible explanation 
can be derived with reference to the RCM (see Section 1.3.1.1), which differentiates PCK into 
the realms cPCK (collective), pPCK (personal), and ePCK (enacted) (Carlson et al., 2019). 
Within the intervention studies, PCK was measured with paper-pencil tests eliciting pre-
service teachers’ declarative (knowing that) and action-related knowledge (knowing how and 
knowing when and why) (Förtsch et al., 2018). The majority of the items was presented as 
open-ended items and required pre-service teachers to write answers in their own words. It 
can be assumed that for solving the item tasks, both the specific education of the participants 
and their previous practical experiences were relevant. Consequently, the paper-pencil tests 
have measured participants’ pPCK. In contrast, the instructional support (both the one by the 
lecturer and the one via texts) presented cPCK because they were designed on the basis of 
subject-specific literature. Additionally, the application of knowledge and diagnostic activities 
in the processing of DiKoBi Assess activated yet another realm of PCK connected to specific 
teaching actions (Alonzo et al., 2019). Prompted by the instructions given in the tool, 
participants engaged in scientific reasoning about the teacher’s instructional behavior and 
instructional quality. The skills required are referred to as enacted PCK or ePCK (Carlson et 
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al., 2019). Initial findings of other researchers supported the assumption that pPCK affects 
ePCK in terms of better (explaining) skills (Kulgemeyer et al., 2020). In addition, it is 
assumed that through reflection processes such as reasoning on teaching and learning 
situations, ePCK can, in turn, influence a teachers’ pPCK (Alonzo et al., 2019). However, this 
assumption is difficult to prove due to the tacit and elusive nature of ePCK. Nevertheless, the 
results of the studies described in this dissertation suggest that ePCK may have affected pPCK 
through scientific reasoning about specific instructional situations (Alonzo et al., 2019). That 
might explain why PCK also increased in the control conditions. Thus, including practice-
oriented tasks within teacher education, which elicit scientific reasoning processes, may be 
particularly beneficial for PCK, but potentially for PK as well.  
Consequently, the question arises whether university courses, which mainly present 
knowledge separated in specialized faculties via texts and in lectures (Tröbst et al., 2019), 
could not endeavor to present knowledge, where possible and appropriate, in a more practice-
oriented way. This might be especially beneficial for PCK and PK, as the acquisition and 
application of these knowledge facets is much more action-oriented and therefore requires 
additional forms of instructional support (cf. Kaiser et al., 2014; König et al., 2018). 
Consequently, the stronger integration of videos into university courses could be a 
corresponding element with which instruction on PK, CK, and PCK aspects could be applied 
in an interrelated way.  
4.5 Limitations 
Due to the multiple conceptual and methodological approaches that were applied in the 
individual studies of this dissertation, the limitations of the studies and analyses are discussed 
in terms of methodological and conceptual limitations below.  
First, five limitations of methodological nature are stated. (1) The studies were 
conducted with a relatively small sample size due to their embedding into the regular courses 
of the biology education at LMU Munich. Therefore, the number of participants was limited. 
Because of the resulting lower statistical power, possible effects might not have been (clearly) 
visible. (2) Regarding the instructional support, the absence of manipulation checks can be 
criticized, as it could not be completely ensured that the interventions in the treatments were 
effectively processed. Certain precautions were taken (e.g., by preventing secondary activities 
such as distraction by mobile devices, and in turn, by using stimulating questions to enhance 
cognitive activation of the pre-service teachers), but processing was not instrumentally 
monitored. (3) Furthermore, in both intervention studies, the same paper-pencil tests were 
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used for pre-testing and post-testing. Thus, a testing effect might have played a role in terms 
of a valid measurement (Shadish et al., 2002). It is also possible that the pre-service teachers 
acquired knowledge elsewhere during the period in which the respective study took place 
(several dates of data collection over 2-4 weeks) so that increases in knowledge cannot be 
explained exclusively by study effects. (4) In addition, overall analyses of the PK test showed 
that most of the selected items were too simple and therefore did not sufficiently discriminate 
the sample. In future studies, the PK test should be extended by using additional scales from 
the BilWiss project (Kunina-Habenicht et al., 2020) to increase test reliability (Linacre, 2021). 
(5) The video-based assessment tool DiKoBi Assess, which was primarily used as a 
measurement tool, emerged as potentially conducive in terms of learning. Explicit statistical 
evidence of this hypothesis does not yet exist, so future investigation of the tool as a learning 
environment has to follow. Regarding the videos from the video-based tool, it should be noted 
that these videos represented scripted, condensed challenges. In contrast, in real-life teaching, 
a multitude of complex challenges can occur. Consequently, measuring diagnostic competen-
ces with DiKoBi Assess may differ from measurements collected in real-life contexts. 
Nevertheless, the use of short videos of classroom situations in which the complexity of 
instructional practice is reduced is an important component for training inexperienced pre-
service teachers’ professional competence (Codreanu et al., 2020; Grossman et al., 2009).  
Furthermore, five conceptual limitations are important to mention. (1) One conceptual 
limitation refers to the missing consideration of motivational variables in the analyses of this 
dissertation. The analyses presented in this dissertation focused on cognitive variables, 
whereas affective-motivational variables (such as interest or motivation) were collected 
separately and are available for later analyses. This procedure has proven to be successful for 
empirical research designs (Klieme & Leutner, 2006). However, since affective-motivational 
variables may have an impact on performance in problem- or case-based learning 
environments (Belland et al., 2013; Klug et al., 2016), they must also be considered when 
analyzing data collected with DiKoBi Assess. (2) For measuring diagnostic accuracy, pre-
service teachers’ descriptions of the identified challenges in DiKoBi Assess were used. The 
measure was calculated by comparing the instructional challenges described by the pre-
service teachers with literature-supported challenges relevant for biology instruction. Thus, 
the calculation was related to the description of identified challenges so that diagnostic 
accuracy is more strongly associated with the diagnostic activity generating evidence. By 
doing so, the situated character of diagnostic decisions was taken into account. Nevertheless, 
other accuracy measures such as the development and embedding of separate items to 
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measure diagnostic accuracy independent from diagnostic activities may be worth 
investigating in future studies. (3) Based on the validation, only those diagnostic activities 
that were considered relevant in the context of video analyses were considered for 
measurements and analyses with DiKoBi Assess. In real-life settings, other activities such as 
generating hypotheses may also be relevant (cf. Herppich et al., 2018; Wildgans-Lang et al., 
2020). Furthermore, the comparison of the constructs diagnostic activities and professional 
vision presented as part of the validation was not completely tautology-free due to the specific 
study design and the data collected with it. However, the implemented diagnostic tasks can be 
considered highly relevant for effective diagnosing of video situations and with regard to real 
situations in biology classes. (4) The conceptualization of PK was rather narrow, covering 
merely pedagogical-psychological aspects of the dimension instruction that included the basic 
dimensions of instructional quality and general teaching methods. More comprehensive 
conceptualizations of PK, on the other hand, include even more dimensions, for example, 
knowledge of classroom assessment (König et al., 2011; Kunina-Habenicht et al., 2020; Voss 
& Kunter, 2013). An extension of the PK dimension would be particularly useful in relation 
to further research on instructional support in order to reflect the range of pedagogical course 
content. However, in the context of the research conducted with DiKoBi Assess and the focus 
on instructional quality, primarily the selected PK dimension was relevant. Finally, (5) 
professional knowledge was conceptualized in the present studies according to the common 
tripartite division into PK, CK, and PCK (cf. Baumert & Kunter, 2013a; Shulman, 1986, 
1987). In the future, the knowledge facets could also be conceptualized more precisely, for 
example, with regard to the different realms of PCK defined in the RCM (cf. Carlson et al., 
2019). That would be useful to investigate in more detail which PCK realms are promoted by 
which type of instructional support and to what extent there might be a difference between 
pre-service teachers with different prior knowledge. 
4.6 Further research 
Following up on the results of this dissertation, there are several aspects that require further 
research. Firstly, the use of an extended PK test version would be advisable to overcome the 
limitations of the present studies and to check whether results can be replicated. This would 
also be important in order to describe concepts for a stronger interlocking of PK and PCK 
courses and curricula (cf. König et al., 2018), and to be able to investigate their effectiveness 
by considering the various dimensions of PK and PCK included therein.  
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Further research could also pay more attention to pre-service teachers’ prior 
knowledge by examining how different types of instructional support (e.g., different types of 
scaffolding) affect learning outcomes. This is currently being pursued in the follow-up project 
COSIMA 2, in which the video-based tool DiKoBi is used both as a measurement instrument 
(DiKoBi Assess) and as a learning environment (DiKoBi Learn). It is considered that 
“learners with low levels of prior knowledge might require more instructional support and 
guidance than advanced learners […], which therefore might influence the choice of 
instructional approaches” (Chernikova et al., 2020, p. 160). Building on the results of this 
dissertation regarding the importance of PCK for diagnostic competences in the context of 
subject-specific diagnosing, different scaffolding types for facilitating pre-service teachers’ 
PCK will be investigated in COSIMA 2 for their effectiveness for pre-service biology 
teachers with different levels of prior knowledge. A recently published meta-analysis 
indicated that for learners with low prior knowledge providing examples is effective, whereas 
for learners with higher levels of prior knowledge, other scaffolding types such as prompts in 
the ongoing diagnostic process or the stimulation of reflection are more effective (Chernikova 
et al., 2020). The extent to which these findings can be translated into the promotion of PCK 
is currently being investigated.  
While the diagnostic activities generating evidence, evaluating evidence, and drawing 
conclusions have been used as a joint measure for the analyses so far, it should also be 
investigated in the future to what extent different types of instructional support have different 
effects on the individual diagnostic activities and to what extent pre-service teachers at 
different stages of their education may need different forms of instructional support. 
Consequently, corresponding long-term studies are to be conducted here. In addition, the 
analyses should also be extended with regard to affective-motivational variables such as 
motivation or self-related cognitions that have a potential impact on teachers’ skills as well 
(Kaiser et al., 2014; Klug et al., 2016; Meschede et al., 2017).  
Furthermore, future studies within COSIMA should conceptually address differences 
in the measurement and promotion of different PCK realms. That requires a detailed 
decomposition and analysis of the measurement instruments and any intervention variables to 
intentionally conceptualize, control, and vary the different realms of PCK. Such efforts to 
understand the concept of PCK are currently being discussed mainly in the field of science 
teacher education and research (Sorge, Stender et al., 2019). The tools and instructional 
support approaches established in COSIMA can therefore be used to further evaluate the 
RCM to learn more about the exchanges between the broader knowledge facets and the three 
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realms of PCK. Particularly “ePCK, i.e. how PCK is utilised in teachers’ actual practice”, still 
needs to be researched more intensively (Alonzo et al., 2019, p. 272). Investigating teachers’ 
reasoning about instructional quality and their application of diagnostic activities might be a 
way to approximate this realm that is difficult to capture due to its tacit and elusive nature.  
In addition, further research questions can be connected beyond the COSIMA project. 
Two contexts are pointed out in particular. First, the attempt to list different conceptualiza-
tions of situation-specific skills in order to compare study results revealed a high number of 
varying constructs (see Table 3 in Section 1.4). Even more, different labels exist for very 
similar conceptualizations. In order to bring an overview into the jungle of different 
constructs and to make it possible to compare or differentiate research results more precisely, 
a systematic review should bring structure into the research field. A similar concern was 
recently pursued by Santagata et al. (2021). However, their review referred to studies on 
mathematics teacher noticing that used video to support teacher learning and mainly 
addressed theoretical perspectives, the specific use of video technologies, and research 
questions and methods. A comparable approach was realized by Chan et al. (2020) for science 
education. But again, the focus of the review is on teacher noticing and professional vision. 
The future review should accordingly summarize and contrast conceptualizations of situation-
specific skills in the context of science-specific classroom diagnosis and video analyses that 
go beyond teacher noticing and professional vision. Though, the comparison of diagnostic 
activities and professional vision presented in this dissertation can be used as a first step 
towards such an endeavor. 
The second context refers to the extension of research designs toward classroom 
practice. Since diagnostic competences are relevant not only for video viewing but also in 
real-life instruction, future studies should advance more into investigating the instructional 
practice. How are diagnostic competences related to a teacher’s instructional behavior and to 
instructional quality? It is also important to examine the extent to which diagnostic accuracy 
(in diagnosing subject-specific features of instructional quality) is related to performance 
measures of instructional quality. To date, the correlates of diagnostic accuracy with other 
measures are still not well enough studied (Kaiser et al., 2012; Machts et al., 2016; Schrader, 
2013). The results of this dissertation explicitly indicate the relationship between PCK and 
(situated measures of) diagnostic accuracy, not only for student errors but also for other 
dimensions of subject-specific instructional quality. Whether teachers’ diagnostic accuracy 
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4.7 Implications 
From the investigation of pre-service biology teachers’ professional knowledge and 
diagnostic competences, some implications for research and practice can be derived. First, the 
present investigations refer to specific components of the COSIMA framework (Heitzmann et 
al., 2019; Chernikova et al., in press). Findings relate to the validation of the video-based 
assessment tool DiKoBi Assess to measure components of diagnostic competences (diagnostic 
activities and diagnostic accuracy), to relationships between components of diagnostic 
competences, and to the effects of instructional support provided by a lecturer or via texts. All 
findings were investigated within diagnostic situations relevant to biology instruction. 
Therefore, this dissertation provided answers to specific sections of this framework. 
Regarding the interrelationships of components of diagnostic competences reported in 
this dissertation, practical implications for biology education can be derived. The promotion 
of pre-service teachers’ PCK should primarily be addressed, for example, by teaching specific 
subject-related methods and principles and discussing them with regard to the subject-specific 
context (e.g., when using models or experiments) within didactical courses. The additional 
influence of PK found can be taken into account in these courses, for example, by drawing 
conclusions about general, broader principles when comparing and reflecting on specific 
scenarios (cf. Tröbst et al., 2019). This can be realized, for example, by examining a teacher’s 
use of challenging tasks within different phases during the course of a biology lesson (e.g., in 
the reactivation, elaboration, and transfer phase) (cf. Dorfner, Förtsch, Spangler et al., 2019). 
In each phase, the method of stimulation of students to engage in higher-level thinking may 
differ (e.g., through guided instructional discussion, through specific work assignments), yet 
the concept of cognitive activation, which is one of the three basic dimensions of domain-
general characteristics of instructional quality, overarches all observations (Lipowsky et al., 
2009). Especially with regard to the instruction of knowledge about instructional quality, a 
stronger interlocking of PK and PCK thus makes sense.  
Moreover, implications can be derived regarding the structure and methodology of 
university education. Through which instructional pathways can the development of 
knowledge and skills best be fostered? How can different faculties in teacher education 
cooperate and contribute to curricular cross-linking (cf. Meier et al., 2018)? Results from the 
separated or integrated instruction of knowledge facets provide further information regarding 
this question. As already emphasized by various researchers, a sound CK basis is considered 
crucial for the development of PCK (e.g., Baumert & Kunter, 2013b; Fischer et al., 2012). 
PCK, in turn, is considered crucial for the application of skills such as diagnostic activities in 
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subject-specific contexts (cf. Hoth et al., 2016). Specialized courses that provide specific 
instruction on CK are therefore important. The present results of the dissertation support the 
importance of courses in which CK is taught separately. Nevertheless, CK can also benefit 
from integrated instruction of the knowledge facets. However, since such a rearrangement of 
university curricula is difficult to do (cf. Harr et al., 2015), separated instruction may be 
considered feasible and effective for CK development. For PCK, both separated and 
integrated instruction has been beneficial, with some evidence pointing to a small advantage 
for integrated instruction. Integration can be realized through linking PK, CK, and PCK 
aspects during course work. An example can be given with regard to the handling of student 
(mis)conceptions. First, general pedagogical-psychological principles of teaching and learning 
can be addressed (PK), which are then extended to student (mis)conceptions of a specific 
subject content (CK) by discussing how to deal with them subject-specifically (PCK). 
Overall, the research results suggest a stronger interlocking of didactical and pedagogical 
courses. Both the interrelated instruction of PCK and PK, as well as their application to 
specific contexts, can be expanded in future teacher education and should also be stated 
accordingly in the curricula. Instruction that connects PK and PCK aspects could be 
implemented in terms of more practical approaches. The results of this dissertation suggest 
that the sole focus on text- or lecture-based instruction is not the most optimal way, but that 
the development of the action-oriented knowledge facets PK and PCK can also be supported 
through other ways that allow a stronger interconnection of knowledge facets (Meier et al., 
2018). Using videos or video-based tools can be considered promising in this regard. Using 
these tools in teacher education provides effective benefits (e.g., Kersting, 2008; Meschede et 
al., 2017; Roth et al., 2011; Seidel & Stürmer, 2014; Wiens et al., 2020): (1) videos elicit 
aspects of professional knowledge, (2) the situated context supports the acquisition and the 
application of knowledge and skills, (3) PK and PCK can be applied interrelatedly to the 
video cases, and (4) diagnostic competences can be acquired and trained with regard to 
specific, subject-relevant cases.  
DiKoBi Assess (and in the future DiKoBi Learn) is a video-based tool that has been 
developed, validated, and used in initial studies to measure skills (i.e., diagnostic activities) 
within a situated diagnostic context. The tool provides subject-specific challenges from the 
biology classroom that are relevant for subject-specific instructional quality. In order to teach 
effectively and to implement specific features of instructional quality in the classroom, it is 
necessary that teachers are able to notice and diagnose relevant features (Meschede et al., 
2017; Wiens et al., 2020). DiKoBi Assess can be used to measure this ability of teachers. 
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Using the tool systematically in the future can support pre-service biology teachers in their 
skills to notice relevant dimensions of instructional quality, analyze corresponding indicators, 
and develop alternative teaching strategies to improve biology-specific instruction. The use of 
DiKoBi Assess (and DiKoBi Learn) thus represents an important step in the promotion of pre-
service biology teachers’ knowledge application and its transfer to effective classroom 
instruction (cf. Jeschke et al., 2020; Seidel et al., 2017).  
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8. Appendices 
A Task design in DiKoBi Assess 
 
The following three tasks (Task Describe, Task Explain, and Task Alternative Strategy) were 
the same for the six classroom situations embedded in DiKoBi Assess. The Figures A1, A2, 





Figure A1. Design of the Task Describe. Participants are asked to note challenging teaching 
aspects they identified in the open text fields on the right (corresponds to the diagnostic 
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Figure A2. Design of the Task Explain. Participants are asked for didactical rationales 
(corresponds to the diagnostic activity evaluating evidence). Additionally, participants have to 





Figure A3. Design of the Task Alternative Strategy. Participants are asked for alternative 
teaching strategies (corresponds to the diagnostic activity drawing conclusions). Additionally, 
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E Electronic supplemental material 
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o Materials on PCK  
o Materials on CK  
o Materials on PK  
o Materials on combination of PCK/CK/PK   
 Study 2: Material (lectures notes) used for the intervention 
o Lecture notes for separated instruction  
o Lecture notes for integrated instruction  
 
All material is confidential. Please do not pass on the material. 
 
 
Final note:  
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